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EXECUTIVE SUMMARY
test program was performed for Solvay Minerals to determine the feasibility of

converting their existing trona rotary calciners from natural gas-fired to coal-fired

The feasibility was evaluated in terms of the effects of coal firing on product

quality and process emissions the flame profile in combustion chamber

and the potential for ash formation in the combustion chamber during four

day test program performed utilizing 18 12 parallel rotary calciner system

Laboratory tests were performed to evaluate coal ash fusion temperature

the effect of coal ash on product soluble silica levels and potential reactions

between mix of coal ash/trona and magnesium refractory brick Results

indicated minimum ash fusion temperature of 2100F increased soluble

silica levels when coal ash is present in the product and no reaction between

coal ash/trona and the magnesium brick at temperatures 2300F

The coal provided for the study was ground to 80% passing 200 mesh and 90%

passing 200 mesh using heated air-swept vertical roller mill Based on

incomplete combustion observed during an initial shakedown test with the

coarser grind the finer grind was utilized for all coal combustion test phases

Operational instabilities and product particle size variations were observed during

coal mill operation Further testing is recommended prior to final commercial

coal mill selection

Stable rotary calciner operation and product bicarb levels were demonstrated

firing natural gas and coal Full flame retention in the combustion chamber and

excellent temperature stability were demonstrated for both fuels The coal

injection rate was varied between 25% and 100% with 100% representing

firing rate of 1.4 MMBtu/st trona Calciner product and filter fines samples were

collected during stable operating conditions for each of the ten test phases
These samples were shipped to Solvay for product quality determinations

Therefore comparison of natural gas and coal firing relative to product quality

cannot be made by FFE Minerals

comparison of the emission of THCs CO NOR and heavy metals for natural

gas and coal firing as measured at the filter exit indicates the following

THC emissions are comparable for both fuels 0.08-0.13 lb/st trona

CO emissions are generally higher when firing coal 0.20-0.39 lb/st

trona vs 0.12-0.21 lb/st trona for natural gas
NO emissions increased by nearly 700% when firing 100% coal 1.49
lb NO2/sttrona vs 0.19 lb N02/st trona for natural gas firing

Only the emission rate of arsenic increased during coal firing

While the higher rate of NO emissions associated with coal firing may be

reduced using low NO burner technology the NO rate will remain greater than

that currently emitted with 100% natural gas firing
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MRNs bauxite drying systems drying gas handling options are driven by several

operational and environmental targets These targets are not always complementary and

FEE Minerals has developed decision matrix to help M1tN choose its preferred solution

We understand the environmental targets are of prime importance to MRN and as such

our analysis does not include options which would violate the any environmental targets

The Targets considered in this study are as follows

Environmental Targets Operational Targets

Paiticulate ZOO niglnm3 Low Fuel Consumption
S02 SOOCg 106 Kcal Low Power Consumption

Thickener Effluent Quality Maintained Low Installed Cost

Low Maintenance Con

The following operating costs and assumptions have been assumed for the model

Fuel costs 170 USD/ Ton Fuel

Power cost 75 USD/Mwatt
Caustic Cost 250 USD ton 73% Concentration

Design Fuel 5%

The attached decision tree illustrates all the combinations reviewed by FFEM Note that

at all times EFE Minerals holds the environmental Targets Cases 13 57 are not

considered because they couple stack 802 scrubbing with venturi scrubber which is not

necessary The scrubbing will be done in the venturi scrubber proper Likewise Cases

10 12 14 16 are removed because they do not allow for 802 scrubbing after the ESP

the ESP Will not scrub 802

The remaining cases are left for preliminary fiscal analysis The costs shown the attached

table are considered budgetary 1- 10% When MRN selects the preferred option

detailed proposal will be prepared to finalize the scope and price based on Brazilian

supply

Additional operating costs associated with thickener products have not been

included in this study it is FFEMs understanding that new transformer will be

required above 1000 Kw this has been included here Also the cost ol downtime

for maintenance has not been included here

Maintenance costs are assumed as incremental with multiclone internals replaced

times per year and the ESP internals replaced time every yean
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Fuel USD/ton 170

Power USDIMW 75

Caustic USOITon 73% 250

DesIgn Fuels

lay per year 330

MRN Gas Handling options invoetmont Analysis

1%

Ceuslon 13June01

CeesNumber 11 13 15

ueltoni1r 3.12 312 2.8 2.8 3.12 3.12 2.8 2.8

Caustic use tflw 0187123 0.287123 239728 0.239728 0.287123 0.257123 0.239728 0.239726

Fan Am3/hr 209000 209000 96000 196000 209000 209000 196000 196000

Fan mrnwg 870 870 870 970 127 127 127 127

Fan Sm operating 728.0349 728.0349 882.7505 682.7505 95.32004 9532004 59.39104 59.59104

iaarcipiiarcoirsisi oat

E3P 0.70 1.70 0.70 1.70

MutatIons 0.19 0.50 0.19 0.50

Scrubber 0.75 0.75 0.75 0.75

Suck Scrubber 0.75 0.75 0.75 0.75

New tnnaformer 0.03 0.03 0.03 0.03

Thlflener 0.19 0.19 0.19 0.19

obllnldalCaplblCosts 1.16 1.47 1.18 1.47 1.45 2.45 1.45 2.45

Incremental Capital Coeta -0.31 -0.31 .0.29 -1.29 -0.29 -1.2.0

Fusi Coal MUSDIyr 4.20 4.20 3.77 3.77 4.20 4.20 3.77 3.77
Power Cost MUSDIYr 0.43 0.43 0.41 0.41 0.06 0.08 0.05 0.05

euaflc Coat MUSDIyr 0.53 0.53 0.47 0.47 0.53 0.53 0.47 0.47

Note cost of lhickener effluent treaimeni not lndudedtm
Total OpnffOnal Costa 5.18 5.16 4.85 4.65 4.79 4.79 430 4.30

Incremental OperatIonal Costs 0.51 0.51 0.38 0.38 0.86 0.88

Savings In MIllIon USD1yr

laksnance Costs

ESP Replacelntarnaletx/2yeara 0.35

Multiclone Internal 2x year 0.04

Scrubber

Stack Scrubber

Thickener

Total Incremensa operatIonal 0.47 0.51 0.38 0.35 0.51 0.58
MaIntenance Costa Savings
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Coal ash deposits were observed in the pilot combustion chamber following

operation at 1950F and 2050F The coal ash deposits which were

concentrated in the outlet cone section represented up to 25% of the total coal

ash input to the process While the pilot results represent worst case scenario

due to the outlet restriction on the combustion chamber the potential does exist

for ash buildup in the commercial combustion chamber It is recommended that

lower operating temperatures i.e 1750F if commercially viable or the use of

slagging combustion chamber be further investigated at this time
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OBJECTIVES
Establish baseline product quality process emissions and

combustion profile utilizing 100% natural gas firing and combustion

chamber outlet temperatures of 1750F 2050F and 2250F
Evaluate coal firing rates of 25% 50% 75% and 100% 100% is

equivalent to 1.4 MMBtu/st trona feed at temperature of 2050F
Evaluate product quality emissions and the combustion profile

Determine the emission of heavy metals cadmium lead mercury

and arsenic at the filter outlet location when firing 100% natural

gas and 100% coal

Collect product samples to facilitate soluble silica and total organic

carbon TOC analyses to be performed by Solvay

Compare product quality emissions and combustion profiles for

natural gas and coal firing

BACKGROUND
Solvay Minerals of Green River Wyoming currently operates several natural gas
fired rotary calciners for the production of soda ash from trona They are

currently evaluating the feasibility of converting these units to coal firing due to

the significant increase in the price of natural gas experienced during the last

year Prior to converting their calciners for dual fuel firing Solvay must address

concerns regarding the potential for coal ash deposit formation in the combustion

chamber and calciner gas inlet areas the effect of coal ash on product quality

and the effect on emissions in terms of NOR CO hydrocarbons and metals This

program was designed to provide direct comparison of natural gas and coal

firing in pilot trona rotary calcination process in order to address the concerns

outlined Mr David Hansen Senior Process Engineer and Mr William

Stuble P.E Process Engineer of Solvay Minerals were present to observe the

test program

EQUIPMENT
18 12 Rotary Calciner

schematic of the 18 diameter by 12 long rotary calciner system is provided in

Figure ion Page This schematic includes all primary components of the

calciner system including air heater rotary calciner coal feed circuit and

particulate filter and indicates process sampling locations See Figure on

Page for photograph of the rotary calciner

The hot gas stream for the rotary calciner is generated using direct-fired

refractory-lined air heater connected to the gas inlet hood Heat is generated by
either 100% natural gas or combination of natural gas and pulverized coal

injected through North American 6422-2 dual fuel burner See Figure on

Page for photograph of the combustion chamber and burner and Figure ii

on Page 24 in the Appendix for schematic of the burner The natural gas flow

rate is controlled using manual needle valve and the flow rate is determined

using calibrated rotameter The coal rate is controlled by diameter

SOLVAY2016_1.3_000042



calibrated screw The screw discharge enters an eductor circuit which conveys
the coal to the diameter burner tube through diameter hose The

stainless steel burner tube replaces the oil nozzle in the dual fuel burner and
includes 3600 16 gauge spiral insert in the tip to improve air/fuel mixing The
eductor airflow is measured using calibrated rotameter

PROCESS GAS

MATERIAL
TC THERMOCOUPLE TO/PT
PT PRESSURE TAP
WT PERIODIC WEIGHT
RT MASS FLOW RATE
FR VOLUMETRIC RATE
OS GAS SAMPliNG
SA SAMPLE ANALYSIS

FEED

AIR

FR

FR
NATURAL-1-

GAS

COAL it LTC
WTSA.4 SEAL SPILLAGE

RT.fS
IRETSRNEDTOFEEDERI

AIR

Figure 18 12 Rotary Calciner Schematic

4S LIFTERS

Figure 18 12 Rotary Calciner System
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The main air for the combustion chamber is supplied by high-pressure blower

and the rate of flow is measured using averaging pitot tube The distribution

of main air to the burner and chamber is adjusted as required to control flame

shape Adjustments are generally made when flame carryover into the rotary

calciner is observed

The gas output from the air heater passes through the gas inlet hood and enters

the 18 diameter by 12 long rotary calciner body The cold feed enters the rotary

via diameter pipe that extends through the gas inlet hood The material and

process gas stream flow in parallel through the calciner section of spirals is

used at the feed inlet end of the calciner to push the material into the calciner

and minimize dropout The material then flows through three sets of 45 lifter

sections lifters per section that extend to within two feet of the calciner

discharge end These lifters shower the material through the gas stream to

improve heat transfer See Figure on Page for photograph of the calciner

internals The first three feet of the shell at the feed end is lined with thick

layer of 70% alumina castable

The material and process gas exit the calciner through the gas outlet/discharge

hood The material drops into an inclined screw conveyor and then discharged

into 55 gallon drum The net weight of material in the drum is recorded when

the drum is full using calibrated scale The process gas stream is directed

through high-temperature filter wet scrubber l.D fan and stack damper

positioned at the l.D fan inlet is utilized to control the static pressure inside the

calciner Fines are discharged from the filter through rotary valve and collected

in steel container six inch averaging pitot tube indicates the total gas flow

rate at the filter exit

Figure Combustion Chamber
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The feed rate is controlled using variable-speed screw feeder The feed rate is

determined prior to the start of testing by collecting sample from the screw

discharge stream for measured period of time weighing the sample using

calibrated scale calculating the corresponding hourly flow rate and then

generating screw calibration curve

Thermocouples indicate process temperatures at five locations across the

calciner system combustion chamber outlet calciner off gas load/spill filter inlet

and filter outlet The temperatures indicated by these thermocouples are

recorded every minute by the data acquisition system Four dial thermometers

indicate process gas temperatures along the calciner and this data is manually

recorded during steady operation Pressure taps connected to U-tube

manometers and pressure transducers indicate system pressures in WO at five

locations combustion chamber calciner feed hood calciner discharge hood
filter inlet and filter outlet The pressure transducer output is recorded every

minute

Teledyne system is utilized to measure the concentration of oxygen
combustibles and carbon monoxide at the combustion chamber outlet and

calciner exit locations The analyzer outputs are connected to the data

acquisition system and this data is recorded every minute

The ceramic filter off gas is analyzed to determine the concentrations of sulfur

dioxide nitrogen oxides carbon monoxide carbon dioxide oxygen total

hydrocarbons and methane The following analyzers are used Rosemount

MLT4 SO2 CO CO2 and 02 Rosemount 951A NOr and JUM 109A THC

Figure Calciner Internals

SOLVAY2016_1.3_000045



and CH4 All analyzer outputs are connected to the data acquisition system and

recorded every minute

crushing circuit was added to calciner system to reduce the top size of the

trona feed to mesh The crushing circuit included the following 60 diameter

vibrating screen unit with mesh screen 12 diameter dual-roll crusher with

gap setting of 1/8 and three conveyor belts See Figure below for

photograph of the circuit

PROCEDURE
Twenty-one bags containing 42000 pounds of trona Lab 010747 and two

bags containing 2000 pounds of coal Lab 010748 were received on 17Jul01

The trona was considered suitable in its as received state to be conveyed

through the screw feeder in the calciner feed circuit The coal was crushed to

minus and then ground in heated air-swept vertical roller mill Half of the

coal was ground to 80% passing 200 mesh and the remaining half was ground to

90% passing 200 mesh The coal ground to 90% passing 200 mesh was utilized

for the calciner program It was noted during the mill operation that the mill

differential pressure varied differential pressure is used for capacity control and

was accompanied by variation in the product particle size distribution

Rotary Calciner Operation The rotary calciner system and instrumentation were

setup as described in the Equipment section of this report All flow rates

material weights temperatures pressures and gas compositions were measured

Figure Roll Crushing Circuit
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using calibrated instrumentation This data was periodically entered into

spreadsheet Temperature pressure and gas analysis data were recorded in 60-

second increments using the data acquisition equipment The trona and ground

coal feed rates were determined using 5-point calibration curves generated prior

to the start of the program log was maintained to record observations and

system adjustments made during pilot testing

Composite feed samples were collected during each day of testing at the inlet

and outlet of the crushing circuit The weight of each sack of feed and time

added to the screw feeder was recorded The calciner discharge drums were

weighed when fell The filter fines weight was recorded every 30-60 minutes

Phase 1545 hr 1800 hr l4Aucj

Objective Rotary calcine trona using natural gas firing and combustion

chamber temperature of 2050F Collect product samples measure

gaseous emissions and measure metals emissions

The natural gas fired burner was ignited at 0625 hr on l3Aug and the total

airflow was set to 200 scfm The calciner speed was set to 3.5 rpm to provide

material retention time of about 15 minutes The combustion chamber

temperature was slowly increased to approximately 1500F and then the feed

system was started at 0730 hr Poking was required during the next 2.5 hours to

maintain material flow to the screw stable feed rate without poking was

obtained by 1000 hr using air pads and vibrator The feed rate was adjusted to

obtain spill temperature of 300-325F

Analysis of product sample collected at 1030 hr indicated high bicarb level

The calciner speed was slowed to 3.15 rpm and the spill temperature was
increased to 350F These adjustments were not accompanied by reduction in

the bicarb level The calciner slope was reduced from Vt/ft to 1/8/ft at 1217 hr

to double the retention time to about 30 minutes Product bicarb levels remained

high

The combustion chamber temperature was increased to 2250F at 1430 hr and

the feed rate was increased to hold the spill temperature at 350F This did not

reduce the product bicarb level which remained above 5% The test conditions

used for the Tenneco study in 1990 were applied to the calciner operation

rpm 1%/ft slope and 100 scfm airflow Product bicarb levels remained above

5% following these changes The calciner was shutdown at 1746 hr It was

decided to install roll crushing circuit to reduce the feed top size to mesh
The uncalcined core present in the larger particles suggested that reduced feed

top size would significantly improve calcination

The roll crushing circuit was installed beginning at 0600 hr on l4Aug The

natural gas burner was ignited at 0852 hr and the feed system was started at

1059 hr Total airflow was set to 100 scfm and the calciner speed was set to
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3.15 rpm spill temperature of 350F was established using feed rate of 500

lb/hr Product bicarb levels were greater than 5% It was agreed to increase the

spill temperature to 400F

The target spill temperature was obtained by reducing the feed rate to 345 lb/hr

The increase in the spill temperature to 400F was accompanied by reduction

in the product bicarb level to 0.5% Heavy metals sampling was begun at 1545

hr at the filter exit This sampling was completed at 1800 hr Calciner operation

was very stable between the period of 1545-1 800 hr

The product temperature was measured at the inlet to the cooling screw at 1624

hr using an open end Type thermocouple material temperature of 320F
was measured

Phase2 1830 hr1930 hr l4Auq
Obiective Rotary calcine trona using natural gas firing and combustion

chamber temperature of 2250F Collect product samples and measure

gaseous emissions

Adjustments were made to the burner at 1800 hr to increase the combustion

chamber to 2250F Stable operation with the target combustion chamber and

spill temperatures were obtained by 1830 hr Stable operation was maintained

until the conclusion of the phase at 1930 hr The system was shutdown at 1930

hr The calciner inventory was weighed and sample of the scrubber liquor was

collected The scrubber liquor was drained and replaced with city water

Phase 0830 hr1030 hr l5Aug
Obiective Rotary calcine trona using 25% coal firing 0.35 MMBtu/st feed

and combustion chamber temperature of 2050F Collect product

samples and measure gaseous emissions

The natural gas fired burner was ignited at 0625 hr on l3Aug and the total

airflow was set to 100 scfm The calciner speed was set to 3.15 rpm to provide

material retention time of about 17 minutes The combustion chamber

temperature was slowly increased to approximately 1200F and then the feed

system was started at 0703 hr The natural gas burner was adjusted to increase

the chamber temperature to 2000F and then the coal feeder was started at

0804 hr at rate of 5.5 lb/hr The flame appeared to be fully contained within the

combustion chamber and therefore no adjustments to air distribution were

required

The feed rate was adjusted within the range of 390-467 lb/hr to maintain load

temperature of 400-425F The coal was also adjusted within the range of 5.5-

6.8 lb/hr to maintain the coal addition rate of 0.35 MMBtu/st Small adjustments

were made to the natural gas rate during the phase to hold combustion

chamber temperature of 2050F The phase was concluded at 1030 hr following
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two hours of steady operation No ash deposits were visible in the combustion

chamber outlet cone area

Phase4 1045 hr1200 hr l5Aug
Obiective Rotary calcine trona using 50% coal firing 0.70 MMBtu/st feed

and combustion chamber temperature of 2050F Collect product

samples and measure gaseous emissions

The coal rate was increased to 11.4 lb/hr at 1035 hr to obtain coal input of 0.70

MMBtu/st feed and the natural gas rate was reduced to hold combustion

chamber temperature of 2050F Due to the increased NO emission rate the

range on the NO analyzer was increased from 0-100 ppm to 0-250 ppm
Calciner operation was considered stable immediately following the coal rate

adjustment Three sets of product samples were collected 1100 hr 1130 hr and

1200 hr and then the phase was concluded at 1200 hr No deposits were

observed in the combustion chamber

PhaseS 1215 hr 1330 hr l5Auq
Obiective Rotary calcine trona using 75% coal firing 1.05 MMBtu/st feed

and combustion chamber temperature of 2050F Collect product

samples and measure gaseous emissions

The coal rate was increased to 16.4 lb/hr at 1203 hr to obtain coal input of 1.05

MMBtu/st feed and the natural gas rate was reduced to hold combustion

chamber temperature of 2050F Following the reduction in the natural gas flow

the rate was below the range of the rotameter Therefore the natural gas rate

entered into the process spreadsheet for Phase was estimated lower range

rotameter was installed before the start of Phase

Stable operating conditions were obtained by 1215 hr and maintained until the

conclusion of the phase at 1330 hr The more radiant flame formed at the 75%
coal firing rate made it more difficult to view the combustion chamber refractory

surface for deposit formation However there were no obvious deposits present

in the chamber following the completion of the phase

Phase 1400 hr 1635 hr l5Auq
Obiective Rotary calcine trona using 100% coal firing 1.40 MMBtu/st

feed and combustion chamber temperature of 2050F Collect product

samples and measure gaseous and heavy metals emissions

The coal rate was increased to 21.9 lb/hr at 1335 hr to obtain coal input of 1.40

MMBtu/st feed and the natural gas rate was reduced to hold combustion

chamber temperature of 2050F The flame intensity increased significantly

following the coal rate increase Calciner operation was stable throughout the

phase Following the completion of the phase and reduction in the coal rate ash

deposits could be seen on the combustion chamber cone

SOLVAY2016_1.3_000049



The product temperature at the cooling screw inlet was measured at 1350 hr

maximum temperature of 340F was measured The filter off gas was sampled

between 1430 hr and 1630 hr to determine the emission of heavy metals from

the process

Phase 1640 hr 1837 hr l5Auq
Objective Rotary calcine trona using 100% coal firing 1.40 MMBtu/st

feed and combustion chamber temperature of 1750F Collect product

samples and measure gaseous emissions

The coal and natural gas rates were decreased at 1640 hr to reduce the

combustion chamber temperature to 1750F and the trona feed rate was

reduced to 275 lb/hr to hold the load temperature at 400-425F The feed rate

was further reduced to 265 lb/hr at 1655 hr followed by reduction in the coal

rate to 15.25 lb/hr These rates were maintained until the conclusion of the

phase at 1837 hr

Following the completion of Phase the natural gas flow was gradually

decreased while increasing the coal rate to hold 1750F stable coal flame and

combustion chamber temperature were established following complete

stoppage of natural gas flow This coal firing only evaluation was completed at

1900 hr sample of scrubber liquor was collected after the system was

shutdown

The combustion chamber was removed after the system had cooled overnight

Nearly two pounds of ash were removed form the chamber mainly from the cone

section The chamber was photographed prior to ash removal and collection

Samples of buildup were also collected from the feed pipe and spirals located

inside of the calciner

Phases 0915hrlllShrl6Aucj
Obiective Rotary calcine trona using 100% coal firing 1.40 MMBtu/st

feed and combustion chamber temperature of 1950F Determine if the

lower temperature prevents deposit formation Collect product samples
and measure gaseous emissions

The natural gas fired burner was ignited at 0743 hr on l6Aug and the total

airflow was set to 100 scfm The calciner speed was set to 3.15 rpm to provide

material retention time of about 17 minutes The combustion chamber

temperature was increased to approximately 1000F and then the feed system

was started at 0755 hr The natural gas burner was adjusted to increase the

chamber temperature to 950F and then coal feeder was started at 0848 hr

The feed rate was adjusted within the range of 415-505 lb/hr to maintain load

temperature of 400-425F and the coal rate was adjusted in the range of 24.3-

29.6 lb/hr to hold the 100% coal firing rate
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The phase was concluded at 1115 hr Ash deposits could be seen in the

combustion chamber

Phase9 1135hr1300hr l6Aucj

Obiective Rotary calcine trona using 100% natural gas firing

combustion chamber temperature of 2050F and 375F load

temperature Determine if the reduced load temperature is accompanied

by an increase in the product bicarb level to

The coal feeder was turned off at 1115 hr and then the natural gas flow rate was

increased to bring the combustion chamber temperature up to 2050F The feed

rate was increased to 600 lb/hr to reduce the load temperature to 375F The

feed rate was decreased to 570 lb/hr at 1143 hr to hit the target load

temperature The phase was concluded at 1300 hr

Phase 10 1315 hr 1430 hr l6Aug
Obiective Rotary calcine trona using 100% natural gas firing

combustion chamber temperature of 1750F and 400-425F load

temperature Collect product samples and measure emissions

The natural gas flow rate and feed rate were decreased at 1300 hr feed rate

in the range of 298-382 lb/hr was required to control the load temperature The

phase was concluded at 1430 hr following over an hour of steady operation

The combustion chamber was cooled overnight and then removed for inspection

The chamber was photographed and then approximately one pound of ash was

removed

RESULTS DISCUSSION
laboratory study was conducted in May01 to evaluate coal composition coal

ash fusion and ash chemistry The study included series of muffle furnace

burns on mixture of trona with and without coal ash to determine the affect of

coal ash on overall product solubility and silica solubility The coal ash addition

was based on commercial calciner specific fuel consumption of 1.4 MMBtu/st

trona The test summary issued on 17May01 is included in the Appendix Pages

93-100 The most notable results from the study includes an initial ash

deformation temperature of 2100F Based on this study the maximum calciner

inlet temperature should be limited to 2100F to minimize the potential for ash

deposition in the combustion chamber

second laboratory study was conducted in Aug01 to evaluate the potential for

reactions between mixtures of trona/coal ash 90/10 and 95/5 ratios and

magnesium brick Narmag 98B manufactured by North American Ref ractories

Company when fired in muffle furnace at temperatures between 2230-2500F

The following procedure was utilized for the study preheat brick in muffle

furnace at temperature for 15 minutes remove brick and immediately place

10
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sufficient material to fill slot in brick place sample back in furnace for 15

minutes remove sample and observe/photograph brick samples and slice

brick sample and observe/photograph material penetration into brick

Photographs of the brick samples are included in Figure 12 and Figure 13 in the

Appendix Pages 25 and 26 Table below summaries the qualitative results

obtained from this study

Table Laboratory Brick Test Summary

Test %Coal Ash %Trona Temperature-F Observations

95 2230

No reaction w/ brick Sample slightly

fused Released from brick upon

cooling

95 2500
Material liquif led Slight penetration

into brick

90 10 2270
Material melted and popped upon

cooling No penetration into brick

90 10 2500
Material liquified Slight penetration

into brick

100 2300
Material liquified and penetrated up to

1/2 into brick

100 2500
Material liquified and penetrated up to

1/2 into brick

100 2300

Material slightly fused and minor

sticking to brick Full release from

brick upon cooling

100 2500
Material melted and popped upon

cooling Minor penetration into brick

The laboratory brick tests indicate that the presence of trona in the coal ash will

reduce the melting point of the mixture However there are no apparent

reactions between the mix and the magnesium brick at temperatures of 2300F

and lower As the temperature is further increased and the material completely

liquefies there is small degree of penetration into the brick

The coal sample provided by Solvay was ground to 80% passing 200 mesh and

90% passing 200 mesh in an air-swept vertical roller mill The finer grind was

produced following shakedown test in the rotary calciner that demonstrated

coal particle combustion inside the calciner when injecting the 80% minus 200

mesh sample The sample ground to 90% passing 200 mesh was utilized for all

test phases that included coal firing

roller mill off gas temperature of 200F was maintained to reduce the moisture

content from 19% to approximately 8% The resulting ground coal was

considered free flowing Despite the free-flowing nature of the ground coal the

mill pressure drop was found to be unstable which suggests poor material flow in

11
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the mill particularly in the separator area higher mill outlet gas temperature is

suggested to further reduce the product moisture content in an attempt to

improve mill stability

Proximate ultimate and ash composition analyses were performed on the coal

sample received for the laboratory evaluation See Page 94 in the Appendix for

analysis results These analyses were utilized to calculate the coals net heating

value 11952 Btu/lb air requirement for complete combustion and products of

combustion see Table on Page 27 in the Appendix The bulk coal sample

provided for the calciner test was also submitted for proximate ultimate and ash

composition analyses These results will be provided in supplement report

Figure 14 and Table on Pages 28-29 in the Appendix include complete laser

particle size distribution for the finer coal grind used for the calciner program
The coal sample was approximately 85% passing 200 mesh with moisture

content of 8.23% and bulk density of 30.8 lb/cf The coals Hardgrove Index

was 48.6

Rotary calciner testing was performed between the dates of 13-1 6Aug See the

Equipment section for complete description of the calciner system Table on

Page 13 includes summary of the test conditions evaluated and average

operating data Table 8-Table 19 in the Appendix Pages 30-41 include all

operating data recorded during stable operation Figure 15 Figure 30 in the

Appendix Pages 42-57 include system temperature profiles system pressure

profiles Teledyne analyzer data profiles 02 CO and combustibles and filter exit

gas analysis

Initial calciner operation was performed using load temperature of 300-325F

and material retention time of 15 minutes These conditions yielded product

bicarb levels greater than 5% An increase in the material retention time to 30

minutes was not accompanied by reduction in the product bicarb levels It was

observed that the coarse product particles contained core of uncalcined trona

Therefore roll crushing circuit was installed the morning of l4Aug to reduce the

feed top size from 5/16 to mesh in an attempt to improve calcination

Subsequent testing performed using the initial conditions noted above load

temperature of 300-325F and material retention time of 15 minutes and

minus mesh feed did not produce product with bicarb level 1% An

increase in the load temperature to 400-425F was required to achieve complete

calcination This load temperature and 17 minutes material retention time were

used for all test phases

Calciner product and filter fines samples representing stable operating conditions

during each phase were analyzed by FFE Minerals for residual bicarbonate using

the Solvay Method full description of the method is included in Table 51-Table

53 on Pages 101 -lO3in the Appendix See Table on Page 14 fora complete

listing of all sample bicarb analyses All samples analyzed by FFE Minerals were

12
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shipped to Solvay for further analysis including total organic carbon and soluble

silica

Calciner product bicarb levels were below detectable levels for all phases except

for Phase Phase included targeted reduction in the load temperature to

375F to determine if the 400-425F load temperature was over-calcining the

material As the Phase bicarb levels increased to 1% it was concluded that

the use of 400-425F load temperature was not over-calcining

Two possible explanations are offered as for the reason that higher load

temperature was required to achieve full calcination the load probe was

indicating an artificially high material temperature or the inefficiency of the

pilot calciner necessitated higher material temperature Periodic

measurements of the product stream temperature at the inlet to the discharge

screw did indicate material temperature of 325-350F when the load probe was

indicating temperature of 400F

Table Rotary Calciner Test Summary

Date

I-
Time Fuel1

Calciner

Inlet Out Load

Total

Fuel21

MMBtU/st

Coal

b/hr MMBtu/st %total scfm

Natural Gas

MMBtu/st %total

Feed

lb/hr

Product

lb/hr 0tota

J2 1545-1800 Gas 2087 507 406 2.15 0.0 6.7 2.15 100 345 227 8a3

J2 1830-1930 Gas 2260 515 409 1.66 02 6.9 1.66 100 460 265 88.2

0830-1030 25% Coal 2051 541 fl 1.85 62 0.35 Jj 5.6 1.50 811 221

1045-1200 50% Coal 2L 2.11 10.9 0.70 33.1 4.7 1.41 66.9 219 893

1215-1330 75%CoaI 2056 527 407 2.25 1th4 1.05 46.7 4.0 1.20 53.3 373 215 fi7

1400-1635 IOC%Coal 525 403 2.44 21.9 1.40 57.5 3.5 1.04 jg Zi 219 8T8

1640-1837 00% Coal Qj 402 2.61 15.3 1.40 53.8 2.8 1.21 462 168

0915-1 15 00% Coal Qj 401 2.22 24.9 1.40 63.1 3.1 0.82 36.9 425 264

1135-13011 Gas 2059 503 372 1.59 ao 8.3 1.59 100 579 306 9jQ

10 1315-1430 Gas 1764 501 398 2.06 00 6.6 2.06 100 355 205 91.1

has

lb/hr

nes

%total

etentio

Time131

minutes

Total

Air

scim

Corr

%02

ustic

Com

Chamber

oomCO

Fil

nnm

NOx

lb/st

er Exit

Cl

ionsEmis

lb/st

THC

0Dm

ampli

nalvsi

Timelb/st

Averagi

Bicarbii

--

.flJ_Q.30 11.67 16.7 108 5.6 0.11 29 20 0.17 j_ Qj IS n7
35A 11.78 16.7 105 32 0.11 48 28 0.18 40 015 14 .QL QQJ2

26.4 10.66 161 102 42 0.09 140 95 012 63 0.27 14 0.09 QQ33 Q_

26.2 10.69 161 98 4.5 0.09 192 144 1.15 79 0.39 14 011 130.120

27.5 11.34 16 JQj .4. 0.09 337 jfl 128 61 0.30 13 010 d3
30.6 12.24 16 105 4.8 0.31 533 185 1.49 65 0.32 13 QIQ 53

24.47 12.70 16.7 JQj ftQfi 635 1.93 .IZ. 222 2QdQ Q__

29.96 10.20 16.7 102 7.0 0.12 1095 218 154 77 023 17 0.11 030j10

32.6 9.60 16.7 104 6.3 0.07 148 41 020 74 0.21 22 0.10 230130 25

10 20.2 8.90 16 102 92 0.11 187 21 0.18 23 0.12 13 0.10 400143
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Table Sample Bicarb Analyses

Phase Time Anal Lab Sample NJ5HCO3
n/s n/a C010342 010330 Trona Feed 33.18

n/a 1100 0010947 010747 Product 5.04

n/a 1230 0010948 010747 Product 4.15

n/a 1400 0010949 010747 Product 9.53
n/s 1400 0010951 010747 Fines 0.00

n/s 1430 0010950 010747 Product 4.16

n/a 1430 C010952 010747

Product -4
mesh 4.19

n/a 1430 0010953 010747
Product -8
mesh 4.19

n/a 1730 0010959 010747 Fines 0.00

n/a 1744 C010958 010747 Product 4.17

n/a 1250 C010960 010747 Product 4.17

n/a 1400 0010961 010747 Product 4.19
n/a 1500 C010962 010747 Product 0.42

1530 0010964 010747 Product 0.00

1630 0010965 010747 Product 0.00

1700 C010974 010747 Product 0.00

1730 0010975 010747 Product 0.00

1730 0010971 010747 Fines 0.00

1900 0010976 010747 Product 0.00

1930 0010977 010747 Product 0.00

1930 C010972 010747 Fines 0.00

0930 0010973 010747 Product 0.00

1030 C010980 010747 Product 0.00

1030 0010978 010747 Fines 0.00

1130 0010981 010747 Product 0.00

1200 0010982 010747 Product 0.00

1200 0010983 010747 Fines 0.00

1300 0010984 010747 Product 0.00

330 0010985 010747 Product 0.00

330 C010986 010747 Fines 0.00

500 0010987 010747 Product 0.00

530 0010988 010747 Product 0.00

600 0010989 010747 Product 0.00

630 0010991 010747 Product 0.00

630 0010990 010747 Fines 0.00

1800 0010992 010747 Product 0.00

1830 0010993 010747 Product 0.00

1830 0010994 010747 Fines 0.00

1030 0010995 010747 Product 0.00

1100 0010996 010747 Product 0.00

1100 0010997 010747 Fines 0.00

1230 0010998 010747 Product 0.84

1300 0010999 010747 Product 4.15
1300 0011000 010747 Fines 0.00

10 1400 0011001 010747 Product 0.00

10 1430 0011002 010747 Product 0.00

8/16 10 1430 0011003 010747 Fines 0.00
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The combustion chamber and burner configuration used for this study developed

flame that was retained within the combustion chamber This observation

applies to both natural gas and coal firing regardless of fuel rate or combustion

chamber temperature As would be expected the injection of coal yielded

more luminous flame as compared to 100% natural gas firing Flame intensity

increased as the rate of coal injection was increased from 25% to 100% From

an operational standpoint stable calciner operation with good temperature

control was attained during all test phases

Coal rates ranging from 25-100% were evaluated during this program The

100% coal firing rate corresponds to combustion rate of 1.4 MMBtu/st trona

As the pilot calciner specific fuel consumption was typically about MMBtu/st all

coal firing test phases were supplemented with natural gas to achieve the target

combustion chamber temperature This mode of coal firing was selected to

ensure that the effect of coal ash on product chemistry would be representative

of the commercial calciner process The effect of the coal ash on product

chemistry and soluble silica levels is being determined by Solvay

Coal ash deposits were observed in the combustion chamber following coal firing

on 5Aug and 6Aug These soft deposits were concentrated on the chamber

outlet cone See Figure Figure for photographs of the ash deposits

Figure Combustion Chamber Ash Deposits-i 5Aug

15

SOLVAY2016_1.3_000056



The total ash collected from the combustion chamber on 5Aug and 6Aug was

weighed and compared to the total ash introduced to the system with the coal

The 1.88 pounds of ash collected on 5Aug represents 17% of the total ash in

the coal processed The 1.07 pounds of ash collected on 6Aug represents

25.2% of the total ash in the coal processed These percentages suggest the

potential for significant ash deposition in the commercial combustion chamber

The ash deposition observed in this program should be considered worst case

scenario given the restrictive outlet geometry in the pilot chamber 12 l.D body
l.D outlet see Figure for profile versus the commercial chamber geometry

Further consideration should be given to the slagging coal combustion system as

it will eliminate potential ash buildup problems and ash effects on the product

Figure Combustion Chamber Ash Deposits-i 6Aug

Figure Pilot Combustion Chamber Profile
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The ash deposit samples collected from 5Aug and 6Aug are being analyzed
via x-ray fluorescence to determine their complete oxide composition These

analyses will be distributed in supplement report

An overall material balance was formulated for the pilot calciner operation see
Table below This balance indicates the following production balance

pound of trona feed 0.6154 pounds of calciner product 0.0743 pounds of filter

fines

Table Overall Material Balance

MATERIAL IN Pounds Lossree Pounds

Trona Feed 0.29% H20/30% Loss

Coal 8.32% H20/92.39% Loss

TOTAL MATERIAL IN

17072.0

218.8

17290.8

11915.7

15.3

11931

MATERIAL OUT Pounds Loss-Free Pounds

Calciner Product 0% Loss

Baghouse Fines 0% Loss

TOTAL MATERIAL OUT

10505.4

1268.0

11773.4

10505.4

1268.0

11773.4

Loss-free difference between material in and material out -1.32%

Rotary calciner System Production Distribution

89.23% calciner Product

10.77% Baghouse Fines

The overall calcined material split between the calciner discharge and filter fines

streams is as follows 89.23% calciner product 10.77% filter fines Splits

specific to each test phase are included in Table on Page 13

total air input of approximately 100 scfm was utilized for all test phases
higher airflow rate of 150-200 scfm was initially planned but the rate was
reduced in order to reduce calciner capacity and limit calciner material loading to

the range of 4-8% This total air input coupled with leakage through the hood
seals and feed pipe generated calciner exit gas velocity of 3.4 4.2 fps

The emission rates of heavy metals As Cd Hg and Pb were determined at the

filter exit during Phase 100% natural gas 2050F and Phase 100% coal

2050F The results of the Method 29 sampling procedure are included in
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Table below See Table 20 on Page 58 in the Appendix for metals

concentrations and rate calculations comparison of the emission rates during

the two phases suggest does not provide evidence that metals emissions at the

stack will be higher when firing coal

Table Metals Emission Summary

Metal

Phase

Natural Gas

lb/hr

Phase

Natural Gas

lb/st trona

Phase

Coal

lb/hr

Phase

Coal

lb/st trona

Difference

As 2.74E-06 .59E-05 3.32E-06 .78E-05 12.11

Cd 5.63E-07 3.27E-06 1.18E-07 6.33E-07 -80.61

Hg 8.84E-07 5.12E-06 4.47E-07 2.40E-06 -53.19

Pb 6.24E-05 3.62E-04 .78E-05 9.53E-05 -73.65

The filter off gas stream was sampled continuously to determine the emission

concentration and rates of NOR SO2 GO GO2 02 THGs and GH4 The

emission concentration profiles are included in Figure 27 Figure 30 in the

Appendix Pages 54-57 Emission concentration data and calculated emission

rates of NOR SO2 GO THGs and GH4 lb/hr and lb/st trona are included in

Table 8- Table 19 in the Appendix Pages 30-41 and the emission rates of

NOR GO and THGs lb/st trona are summarized in Table on Page 13 It

should be noted that all NO emission rates are reported in terms of NO2

The emission rate of THGs ranged between 0.08-0.13 lb/st during the program
There was no distinction in the THG emission rate associated with fuel type or

combustion chamber temperature The emission rate of GO was generally

higher 0.20-0.39 lb/st during coal firing versus natural gas firing 0.12-0.21

lb/st Improvements to coal burner design and operation would be expected to

reduce GO emissions during coal firing to level comparable to natural gas

firing

The most notable change in the process emission profile is associated with NO
emissions when switching from 100% gas firing to 100% coal firing The NO
emission rate when firing 100% natural gas at approximately 2050F averaged

0.19 lb/st This rate increased by nearly 700% to 1.49 lb/st when firing 100%
coal at combustion chamber temperature of 2050F This higher NO emission

rate is attributed to the nitrogen present in the coal 1.68% and the significant

increase in flame intensity The USe of dual zone low NO coal burner is

recommended to limit flame intensity and NO formation It should be noted that

the NO emission rate per short ton of trona feed is likely greater than the

commercial emission level due to the higher specific fuel consumption of the pilot

calciner system

Figure and Figure 10 on the following page illustrate the emission of NOR GO
and THG versus the coal firing rate and the emission of NOR GO and THG
versus the combustion chamber temperature
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Heat balances were performed utilizing operating data recorded for Phase and

Phase These balances are included in Table 21 and Table 22 on Pages 58-59

in the Appendix The Phase balance 100% natural gas firing indicates the

following heat load distribution radiation40.9% off gas23.7% trona heat of

reaction28.8% product sensible heat5.2% fines sensible heat0.9% and feed

moisture0.5% The Phase balance 100% coal firing indicates the following

heat load distribution radiation39.2% off gas27.7% trona heat of

reaction27.1% product sensible heat4.4% fines sensible heat0.8% and

feed/coal moisture0.8% See Table 23 on Page 60 in the Appendix for the

composition of natural gas

Process flow diagrams were generated by FFE Minerals for the following process

configurations

Existing Calciner Natural Gas Fired w/ 350 Spill

Proposed Calciner Coal Fired

Existing Calciner Natural Gas Fired w/ 300F Spill

Existing Calciner Natural Gas Fired w/ 250F Spill

comparison between configurations and indicate similar process gas
volumes and specific fuel consumptions for natural gas and coal firing

Configurations and illustrate the reductions in specific fuel consumption

associated with reducing the product spill temperature to 300F 9.2% and

250F 15.6% See Figure 31 Figure 34 on Pages 61-64 in the Appendix for

the process flow diagrams

lower spill temperature of 250F has been proposed following the installation of

crushing circuit to reduce the feed top size from 5/16 to mesh sample of

mesh trona has been shipped to roll crusher supplier for evaluation Further

comment on configuration will be provided following the completion of roll

crusher and roll crusher product chemical evaluations The chemical evaluations

are being performed to determine if post-crusher screening step would be

effective at removing the shale particles which tend to flatten as opposed to

breaking to minus mesh in the roll crusher This data will be provided in

supplement report

Samples of as received trona feed minus mesh crushed trona feed calciner

product and filter fines were analyzed by FFE Minerals to determine moisture

feed samples only bulk density and particle size distribution sieve method
These results are included in Table 24 Table 50 in the Appendix Pages 65-91

Prior to the conclusion of testing on 5Aug successful attempt was made to fire

the combustion chamber on coal only at 1750F without natural gas

supplementation Flame stability and temperature control were demonstrated

following complete shutoff of the natural gas circuit
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All samples collected during this program were returned to Solvay Bulk product
filter fines and remaining feed containers were disposed of by FFE Minerals

CONCLUSIONS RECOMMENDATIONS
Stable rotary calciner operation and product bicarb levels were obtained

utilizing both natural gas and coal firing in an external combustion

chamber This stability applies to combustion chamber temperatures

ranging from 1750-2250F with natural gas and 1750-2050F with coal

Product and filter fines samples representing stable operation for each of

the ten test phases were sent to Solvay for further analysis This analysis

is required to determine the effect of coal firing on product quality

Therefore no conclusion regarding product quality is provided at this time

The emission of total hydrocarbons were comparable for natural gas and

coal firing 0.08-0.13 lb/st trona
The emission of carbon monoxide was generally higher when firing coal

0.20-0.39 lb/st trona versus natural gas 0.12-0.21 lb/st trona
The emission of NO increased by nearly 700% when firing 100% coal at

2050F 1.49 lb N02/st trona versus 100% natural gas firing at 2050F

0.19 lb N02/sttrona average dual zone low NO burner is

recommended
Ash deposits representing up to 25% of the total coal ash introduced to

the calciner were formed in the combustion chamber concentrated on the

tapered outlet section The pilot results represent worst case scenario

due to the restriction at the outlet of the combustion chamber

Further consideration should be given to the slagging combustion system
in order to eliminate potential problems associated with ash deposition

within the combustion chamber
Instabilities were observed in the roller mill system during the coal grinding

operation and are attributed to the high volatile and moisture contents in

the coal Further testing is recommended to ensure proper commercial

mill selection and operating parameters
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North American

24 tirO

Ni IOiVN ARE SUBJECT TO CHANGE PLEASE cBrAfl CE6TIF ED PRNS R0M NOPH AMP Aiv \W
APACE UMITATIONS OR OTHER CONSIDERAT 015 MAKE EPACt DIMENS ONS CRITIC

Burner Dimensions inches

Designation AR DDIDOIE
64222 9S 54 44 30 11 18 54 10 12

8422-3 8z 914 19 11 15 18s lO 12

84224 8/z 99 11 15 18 54 10 12

6422-5 9- 44 11 15 18 10 12

64226 90 14 44 11 1S3 13s 10 12

64227A 114 10 11 11 15i 20 22 64 12 13
6422-7-8 10 11 11 15 20 22 24 6- i3z

64228A 10 11 11 15s 20 22 12 13s

Burner Wt Sensitrol Recommended
Designation lb Oil Valve Pilot Size

64222 83 181302A

b4223 1LI 181302 4011
6422 63 133 02 or

64225 83 18302A 401112
64225 8131128

64227A 39 181302 401111

642273 34 81302 ar

54225A 11 1I1J2L 401112

Do it Ote 17110 Port posron ii Ott Iaiijeae iS uI 1110 id flame fire ar d1ii hi ft 114

tool il 41 17r 111 111Ih0 ti In for fdlers 11111 draf fl iiltOQ 1111

14/ii4pi34s iJoeoiriq 1771 ii II II oIJ ii I_orq ifii linci /01 11

ii 07 14 hIndS
lilt dcii dv North American

ii cieifousent 11 NPI lii runlIrt -rrreiPSlr fl.I
11 un riin antorbeoiel -I- --o- ifl- Ii Ii -i

I--- ii rr 041 50100

Figure 11 North Americal Dual Fuel Burner Schematic

FIRE ALL
DUAL FUEL BURNERS

6422

Piping arrangement for single end double burner zones
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Laboratory Brick Samples

25

SOLVAY2016_1.3_000065



-r

Figure 13 Laboratory Brick Samples
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Table Coal Combustion Analysis

Coal Ultimate Analysis

Ash 7.61%

0.60%

1.53%

Free/Bound Water from Coal

Sulfur

Carbon

Hydrogen md moisture

Nitrogen

Oxygen md moisture

Total

Oxygen

Hydrogen

Water

5.01%

1.68%

13.57%

100.00%

0.1357

0.0 170

0.1527

3.2481

Air Required for Combustion

lb 0/lb coal

lb H/lb coal

lb H20/lb coal

scf H20/lb coal

Hydrogen Available

Carbon

Oxygen Required

Combustion Products

Carbon Dioxide

Air Required

Water from RxN0.0331 lb H/lb coal

0.7153 lb C/lb coal

2.1725667 lb 02/lb coal Total Water

26.003192 sd 02/lb coal

123.82472 scf air/lb coal Nitrogen

2.6227667

22.8305

0.2982

6.3459

0.4509

9.5940

98.0513

lb C02/lb coal

scf C02/lb coal

lb H20/lb coal

scf H20/lb coal

lb H20/lb coal

scf H20/lb coal

sd N2/lb coal

TOTAL 130.4758 scf CP/lb coal
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Diameter jim

Figure 14 Coal Laser PSD Profile

FL SMIDTH
Sample Name Solvay Minerals

ID Number 010748

File Name Trona Calciner Test

Material Coal Feed Composite 8/15/01 Run Date 8121101

010748 Coal Feed Composite 8/16/01

.1

18-

16

14-

1OH

21

Key

File 1FXV

jF4e1U-V
90

p.01 0.10

80

70

60

50

40

30

20

10

Sample File Diameter on Percentage on Diameter

n- Base Volume 10.0% 8.621 pm 150.000 pm 98.7%
Mean pin 44.18 20.0% 15.774 pm 90.000 pm 90.8%
Media pm1 37.23 50.0% 37.230 75.000 pm 84.5%

3LJ.Dvpm 33.67 75.0% 60.914 pm 45.000 pm 59.2%
3pc Area 3703 90.0% 87.357 pm 20.000 pm 26.3%
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Table Coal Laser PSD Data

FL SMIDTH
Sample Name Solvay Minerals

ID Number 010748

File Name Trona Calciner Test

Material Coal Feed Composite 8/15101 Run Date 8/21/01

Shape Ref Index 1.44-0.39 Laser 80.373 Red 84.990

No SIZEpm FREQ.% U.SIZE%

1.000 0.45 0.45

2.000 1.52 1.97

3.000 1.04 3.01

4.000 1.06 4.07

5.000 1.09 5.16

0.000 1.16 6.32

10.000 5.30 11.62

13.000 7.18 18.80

23.000 7.50 26.30

10 23.000 7.34 33.64

11 32.000 9.57 43.21

12 45.000 16.00 59.21

Statistical
D1sL Base

Men litu

Medidl pm
Et.i.Devpm
Opec Atea

InfonLtation

VOLUME

44 179

37.230

33.673

3708

Diameter on
10.0% 8.554 tun
20.0% 15.706 pm
50.0% 36.981 pm
75.0% 61.631 pm
90.0% 87.830 pm

Percentage
150.000 pm

90.000 pm
75.000 pm
45.000 pm
20.000 pm

on Diameter
98.7%

90.8%

84.5%

59.2%

6.3%

Material

Source

Proj Num

Operator

Ground Coal

Feed Composite 8/15/01

563-00

LSD

Blue 85.013

No SIZEpm FREQ.% U.SIZE%

13 53.000 8.49 67.70

14 75.000 16.81 84.50

15 90.000 6.35 90.85

16 106.000 3.80 94.65

17 150.000 4.07 98.72

18 212.000 1.06 99.79

19 300.000 0.21 100.00

20 425.000 0.00 100.00

21 600.000 0.00 100.00

22 850.000 0.00 100.00

23 1000.000 0.00 100.00
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Table Operating Data

PH 1-

.q 01 3.ej3.-I II Aii-Ql li-Au 01 liAu 01 Iu-Au3-O1 Au.1u1 $..jq 31 Jqull

1111 1830 0930 1030 1130 1230 1330 1420 1530 1630

TEMP ERATURE CE
TCU1 COMBIJSTION CHAMBER 1504 1505 1655 1745 1735 1755 1745 2056 2052

1C2 1AS210IAL1 760 755 630 670 620 670 670 710 680

TCA AS OlAF 730 730 670 700 640 710 705 740 730

TCF4 GAS DIAL 560 420 450 460 470 470 520 520

TANS GAS 585 560 500 530 510 540 540 510 600

TCIi AS GIlT 549 611 493 534 494 565 566 656 648

TC7 iAT DISCHARGF 620 477 307 309 369 339 352 343 352

TCH FILTER INLEI 472 447 389 406 393 423 425 478 461

rApo- IILIF.UFXII 335 313 292 290 300 299 304 333 331

PRESSUREIWGI

PT1 COMBUSTION CHAMBER 0.2 0.2 0.2 1.2 0.2 0.2 02 0.3 0.3

PT2- FEED HOOD 008 06 0.04 004 0.04 0.04 0.04 0.04 0.05

PT3- DISCHARGE HOOD -0.6 -05 -0.9 -0.8 -GAO -0.6 -06 -0.6 -08

P144 FILTER INLET- WG -1.3 -1.5 -2 -2.2 -1.8 -1.8 -1.9 -2 -1.8

PT5 FILTER OUTLET WG -2.5 -2.6 -3.6 -3.8 -3.7 -3.8 -3.7 -4 -3.8

GAS ANALYSIS DATA DRY BASIS

CflMBUSTION CHAMBER %02 13.40% 12.40% 10.30% 10.60% 10.60% 10.80% ltOO% 7.21% n/a

%COMB 0.09% 0.08% 0.09% 0.09% OAO% 0.10% 0.10% 0.12% n/a

pprnCO 000 00 n/a

CAl CINI-Il AUTLET %O2 17.20% 16.00% 15.80% 15.60% 16.40% 15.70% 15.70% 12.30% 13.20%

U/COMB

DpmCO

0.09% 0.08%1000.08% 0.09% 0.09% 0.10%12 0.10% 0.13%

12

0.15%

11

FILTEROUTLET ppm 802

ppm NOx 14

ppm CO 42

%C02 4.56%

sO 15.20%

ppmTIlC nta

ppm CH4 ri/a

AIR HEATER OUTLET

MAIN AIR SCFMI 181.3

T1C PR.14 2.1

n/a

11

14

30

n/a

n/a 19 21 13

19

40

20

34

4.35% n/a 2.09% 1.79% 2.02% 2.05% 2.87% 297%

1550% n/a 18.00% 18.40% 18.10% 18.10% 1700% 17.10%

n/a n/a 14 12

n/a n/a

1810 153.3 173.2 146.7 172.9 174.4 174.0 1737

21 16 18 1.35 1.8 165 1.65 1.85

IFOFR RES-WG 0.56 056 041 052 0.38 52 0.53 0.53 053

all-I OEI.IP.-

ATOMIZING AIR SCFM
29.7

11.5

30.8

11.5

31.9

11.6

32

116

33

11

33

11.6

34 35.5

11.6 11.6

365

11.6

F.FTFR RFPCIN0- FM 6.5 6.5 65 65 6.5 65 65 6.5

Ql TROT PRESS-poIg 31 31 32 32 32 32 32 32 32

KFACTOR 11 11
EDI UTAh AIR SCRU 68 65

5.4

65 6.5 6.8 65 65 66

METER READING CFM 5.4 5.4 5.4 5.4 5.4 5.4 5.4

J1PUT PRESS-ps

FA ICR 0.979 0.979 0.979 0.979 979 0979 0.979 0970
...J

0.979

Au iio FL IDA sCAM

110 c1-N ISCFMI 0.0 0.0 0.0 0.0 00 00 00 0.0

I-ETER READING CFM

fljIIlPDS53slQ
CTCR

NITROGEN SCFM 0.0 00 00 0.0 0.0 OM 0.0 0.0 0.0

iLl QI-iill2IN0..ClM

lllPliI -AESS-.so

k1A-.1F

FL.- OSS UEM 0000 0000 0001 COG 0.000 0.0001 0000 CI 0001 0000
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Table Operating Data

AgQ1 3AUUQI l1-AuqOI 13.AucjOI 13Auj-Ol 3\uOl II I.OpO DAUJOI

TiME 0830 0930 1030 1130 1230 1330 1420 1530 1630

MIl1r --UFH

nJrFulPREsspsig
kFAC1IJR

SOB INECT ON L8/HR
s. LB RONA FEED

WAIF SCFM

000

0000

0.0

0.00

0.0000

00

0.00

110000

0.0

0.00

0.0000

0.0

0.00

0000

0.0

0.00

0.0000

00

0.00

00000

00

0.00

0000

00

0.00

0.0000

0.0

METER REPDNG.OPH

krAoTnR

TOTAL NPUT SCFM 199.5 199.2 171.7 191.6 165.1 191.3 192.8 192.4 192.1

TRONA FtED LB/HR 400.0 750 7500 650.0 625.0 6250 625.0 895.0 895.0

TRONA FEED STPH
NATURAL GAS SCFM

0.2

81

0.4

8.1

0.4

8.6

0.3 113

9.1 ft6

0.3

8.1

0.3

81

0.4

11.1

0.4

10.9

METLR F4EADING--CFM 5.5 55 6.2 5.5 5.5 6.7

OUFPUT PRESS-psig

kFACTOR
NATURAL GAS VU/HR LHV 448497 446497 476007 505578 367.206 445497 448497 614899 601954

COAL LBHR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

COALBTUHRLHV
COAL RATE MMBttJst FEED 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

OF MAXIMUM COAL RATE

TOTAL FUEL INPUT BTU/HR WV
0.000/

443497

0.00%

446497

0.00%

476007

0.00%

505578

0.00%

367206

0.00%

448497

0.00%

448497

000%

614899

000%

601.954

TOTAL FUEL INPUT MMF3TU/st FEED 2.24 20 27 156 118 1.44 44 37 1.35

IONATURAL GAS 10000% 100 00% 100 00% tOO 00% 100.00% ioO Oo% loo00% 100 00% 100.00%

ACOAL

ADJUSTED INPUT SCFM
000%

207.8

0.00%

207.5

000%

180.5

000%

200.9

0.00%

171.9

000%

199.5

0.00%

201.1

0.00%

203.7

0.00%

203.2

ADJUSTED INPUT ACFM
INLET VELOCITY FPS

770 769.1

7.3 7.3

2.2 2.2

720.1

6.8

835.7

7.9

711.8

6.7

833.9

7.9

836.4

7.9

966.9 962.9

9.1

INLE1 VELOCITY MPS 2.1 2.4 2.0 2.4 2.4 2.8 2.8

FLOW COMPOSET ON

NITROGEN SCFM 157.6 157.4 135.7 151A 1305 151.1 152.3 152.0 151.8

OXYGN SCFM 25.4 25.3 16.5 21 21.2 23.7 24.0 17.8 18.2

CARBON DIOXIDE SCFM
WATER SCFM

DRY vU DSCFM

8.4 8.4

16.3 16.3

191.5 191.1

8.9

17.3

163.1

9.5

ISA

182.5

6.9

13.4

158.5

8.4

1113

183.2

8.4

16.3

184.7

11.6

22.4

181.3

11.3

21.9

181.3

IoNITROGEN 75.87% 75.86% 75.17% 75.35% 71190% 75.74% 75.76% 74.62% 74.70%

OXYGEN 12.23% 12.21% 10.28% 10.77% 12.31% 11.86% 11.93% 8.73% 8.95%

OXYGEN DRY 13.27% 13.25% 11.37% 11.85% 13.35% 1Z92% 12.98% 9.80% 10.04%

CARBON DIOXIDE 4.06% 4.06% 4.96% 4.73% 4.02% 4.22% 4.19% 5.67% 5.57%

OWATER 7.85% 7.66% 9.59% 9.15% 777% 817% 8.11% 10.98% 1077%

CALCINER EXIT

COMBUSTION PRODUCTS SCFM 121.1 151.0 1564 153.5 124.6 140.3 1403 195.7 193.2

COMBUSTION PRODUCTS DSCFM 76.3 81.2 85.6 86.8 66.7 79.5 79.5 109.5 107.4

RECUIRBO AIR SCFM 78.6 78.6 83.4 88.6 64.3 78.6 78.6 107.7 105.5

EXCERS AIR SCFM 345.1 260.0 2600 256.5 237.7 235.4 235.4 154.8 181.8

OV/ SCFM 466.2 411.0 416.3 410.0 362.3 375.7 375.7 3504 375.0

FL OW ACFM 975.6 830.5 748.6 769.0 652.1 726.6 727 737.9 783.9

OW CAMPOSITION

JItROGEN SCFM 334.7 2074 271.3 272.6 238.6 248.0 248.0 2074 2270

OXYCEN SCFM 72.5 54.6 546 53.9 49.9 49.4 49.4 32.5 38.2

APBON DIOX DE SCFM 141 191 196 18.8 15.8 173 173 24.3 24.1

WATER SCFM
E/ET\LL CLTYFPSI

44.8 69.8

92 78

70.8 64.7 57.9

7.1 7.3 62

60

6.9

609 86

69 7.0

85.7

7.4

FFr CTIMPSI 28 2.4 22 22 19 21 21 2.1 2.3
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Table 10 Operating Data

3Aug01 13-Aug-01 13 Aug-01 13 Aug-01 13Aug01 13-Aug-01 13-Aug01 13-Aug-431 13-Aug01

PHASE

IME 0830 0930 1030 1130 1230 1330 1420 1530 1630

%NITROGEN 71.81% 65.09% 65.17% 66.50% 65.87% 66.03% 68.03% 59.20% 60.54%
%OXYGEN

0OXYGEN DRY
15.55%

1710%
13.29%

16.00%

13.12%

15.80%

13.14%

15.60%

13.78%

16.40%

13.16%

15.70%

13.16%

15.70%

9-28%

12.30%

10.19%

13.20%

CARBON DIOXIDE 3-03% 4.65% 4.72% 4.58% 4.36% 4.61% 4.61% 6.94% 6.42%
%WATER 9.61% 16.98% 9Tä% 15.78% 15.98% 16.20% 16.20% 24.59% 22.85%

CALCINER SPEED RPM 3.5 3.5 3.5 3.2 3.2 3.2 3.2 3.2 3.2

MATERIAL RESIDENCE TIME nun 15.0 -Tö 15.0 16.7 22.3 16.7 16.7 16.7 16.7

EMJ$iQNSi

FILTER EXIT FLOW 5CFM 242.5 249.6 292.9 299.4 2944 291.5 290.5 316.8 291.5

STATIC PRESS-WG -3.4 -3.4 -4.3 -4.5 -4.5 -4.5 -4.5 -- -45

DIFFER PRESS-WG 0.34 0.35 0.47 0.49 0.48 0.47 0.47 0.58 0.49

AIR TEMP.-F 335 313 292 290 300 299 304 333 331

FILTER EXIT FLOW DSCFM 197.7 179.8 222.1 234.7 236.5 230.6 229.7 230.6 205.8

S02 LB/HR 0.0000 0.0000 n/a 0.0117 0.0094 0.0092 0.0091 0.0092 0M061

S02 LB/ST TRDNA 0.0000 0.0000 n/a 0.0359 0.0301 0.0293 0.0292 0.0205 0.0137

NOx LB/HR as ND2 0.0198 0.0180 n/a 0.0101 0.0148 0.0148 0.0313 0.0294

NOo LB/ST TRONA 0.0988 0.0479 n/a 0.0361 0.0324 0.0474 0.0472 0.0699 0.0657

CD LB/HR 0.0361 0.0234 n/a 0.0194 0.0113 0.0210 0.0130 0.0401 0.0304

CO LB/ST TRONA
THC LB/HR as C3H8

0.1804

n/a

0.0625

n/a

n/a

n/a

0.0596

0.0144

0.0362

0.0097

0.0673 0.0415

0.0126 0.0110

0.0896 0.0680

0.0220 0.0169

THC LB/ST TRONA- n/a n/a n/a 0.0444 0.0310 0.0403 0.0351 0.0493 0.0377

CH4 LB/FIR n/a n/a n/a 0.0029 0.0019 0.0017 0.0017 0.0034 0.0020

CH4 LB/ST TRDNA n/a n/a n/a 0.0091 0.0060 0.0055 0.0055 0.0077 0.0046

MISC DATA

OFF GAS DAMPER POSITION 7%l 7l 9%l 9%l %l 9%l 9%l
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Table 11 Operating Data

DAFE

HHA1
LA 0-01 14-Aug.01 4-Aug.01 14-Aug-01 14-Aug01 14-Aug.01 14 Aug-01 Aug-01 14Aug01

THAI- 1730 1330 1400 1500 1600 1700 1800 1845 1930

CEMEERAILLEEiIEJ

TC1 COMBUSTION CHAMBER 2052 2042 2056 2074 2070 2096 2095 2249 2270

TL2 AS2DIAL1 580 570 605 750 720 715 740 760 695

TCE LAS Ill DIAL 580 620 640 695 660 660 700 700 700

CH- LAS ALA
nor 1AS 45 DAL4
C6 DAS our

350

420

384

390

440

492

395 480

440 525

490 547

425 450 450

480 500 490

500 516 505

440 460

500 520

509 521

TC7 MATERIAL DISCHARGE 359 350 335 423 404 414 401 410 406

TC8 FILTER INLET 315 332 329 359 346 350 344 356 359

TC9 FILTER EXIT 265 225 220 225 237 238 238 244 244

PRESSURE WG
PT1 COMBUSTION CHAMBER 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

PT2 FEED HOOD 0.02 0.06 0.06 0.06 0.06 0.05 0.05 0.05 005

P143- DISCHARGE HOOD -1.1 -0.1 -0.1 -0.1 -0.1 01 -0.2

PT4 FILTER INLET WG -2 -BA -0.4 -0.4 -0.6 -0.6 -0.6 -0.6 .0.6

PT5 FILTER OUTLET- WG -3.6 -1 -I -1 -1.5 -1.6 -1.6 -1.6 -1.6

GAS ANALYSIS DATA DRY BASIS

COMBUSTION CHAMBER %02 6.71% 5.02% 5.22% 547% 5.72% 38% 5.55% 3.38% 3.22%

CALCINER OUTLET

%COMB

ppmCO
%O2

0.14%

1500%

0.11%

85

10.00%

0.11%

67

9.97%

0.10%

52

10.30%

0.10%

13.00%

0.11%

42

12.80%

0.11%

40

13.00%

0.11%

47

11.90%

0.11%

48

11.50%

%COMB 0.00% 0.13% 0.12% 0.12% 0.11% 0.11% 0.11% 0.11% 0.11%

FILTER CUTLET

ppmCo

ppm 502

243 186 226 134 129 98 125 124

ppmNOx 13 25 24 26 19 20 20 29 28

ppmCO 66 70 78 36 40 26 36 43

%CO2 2.76% 7.16% 7.14% 6.72% 5.12% 4.95% 4.95% 5.96% 5.88%

%O2 1710% 11.90% 12.10% 12.40% 14.70% 14.70% 14.70% 13.60% 13.60%

ppm THC 21 21 21 17 16 12 14 15

ppmCH4
AIR HEATER OUTLET

MAIN AIR ISCFM 84.5 90.0 90.0 89.7 89.7 89.6 85.8 85.6 85.7

IATICIRESS.lHg 0.6 7.1

DIFFER PRESS-WC

AIRTEMP-C

0.13

35

0.12

31

0.12

31

0.12

33

0.12

33

0.12

34

0.11

34

0.11

35

0.11

35

ATOMIZ NO AIR SCFM- 11.6 12.5 12.5 12.5 12.5 12.5 12.5 12.5

MFZTER READING- CFM 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5

OUTPUT PRFSS-psg 32 40 40 40 40 40 40 40 4U

Al-ACTOR

7.0

5.6

70

5.6

EDUCTOR AIR SCFM
METER READ NC--CFM

68

5.4

7.0

5.6 5.6 SM

7.0

5.6

7.0

5.6

70

5.6

OUTPUT PRESS-pug

0.979FACTOR

uIICTION FLOW- SCFM

0.979 0M79 0.979 0.979 0.979 0.979 0.979 0979

OX ENSCFM 0.0 00 00 00 0.0 00 0.0 00 0.0

.IETFR READINU-.CFM 13

LUTuUT PRUSS-ruig

1sT-ACTOR

NItROGEN SC.M 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0

IJ1 SS-sg
k\cTl.uR

SIlL LA OXIDE SCFMI__________ 0.0000

13

0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000 00000
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Table 12 Operating Data

OLA
Mr

I3-Ajg-0l lO-Atiq-O1 i4-Aig-OI 4-Aug-01 li-Aug-UI 4-Aug-UI 4-Aug-UI 4-A 01 14-Aug.01

1730 1330 1400 1500 1600 1700 1800 1845 1930

Ill TEPRAI1ING CPH

-UI PRESS-psig

ktAOtOR

S02 INJECTION LB/HR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LB 502 LB TRONA FEED 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

WA ER SCF-M___________________ 0.0 0.0 00 0.0 0.0 0.0 00 0.0

111 PURl/C INP--GPH

.F/AITflR 00 00
TCJAL INPUT C.FM
TRONA FEED LB/HR

102.9

615.0

109

495

109.6 109.3

4750 345

109.3

345.0

109_i

345.0

105.3

345.0

105.2

4700

105.3

4500
TRONA FEED STPHI 0.3 0.2 0.2 0.2 0.2 0.2 0.2

NATURAL GAS SCFM 5.5 6.7 6.7 6.7 6.7 6.7 6.7 6.9 6.9

METER READING- CFM

14 9.5

4.2 4.2

OUTPUT PRESS-pslg 9.5 9.5 9.5 9.5 8.5

VFACTDR
NATURAL GAS BTU/HR LF-IV 303067 371060 371060 371060 371060 371060 371060 381478 381478

COAL LB/HR

CDALBTU/HRLHV-

0.0 0.0 0.0 0.0 0.0 CEO 0.0 0.0 0.0

COAL RATE MMBIu/st FEED 0.000 0.000 0.000 0.000 0.000 0.000 0.000 000 0.000

OF MAXIMUM COAL RATE 000% OMO% 0M0% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

TOTAL FU INPUT BTU/HR LHV 303.067 371060 371060 371060 371060 371060 371060 361476 381478

OTAL FUEL INPUT MMBTU/st FEED 099 50 156 215 215 2.15 2.15 62 170

0NATURAL GAS ioo 00% 100.00% 100.00% 100.00% 100.00% 10a00h 100.00% 100 00% 100.00%

%COAL 0.00% 0.00% 0.00% 0.00% 0.00% 00% 000% 000% 000%

ADJUSTED INPUT SCFM
ADJUSTED INPUT ACFM

108.5 116.4 116.4

514.0 549.4

116.1 116.1 115.9

554.2 559.2

112.1

540.6

112.2

573.4

112.3

578.5

NLET JELOCITYFPS 4.8 5.2 5.2 52 5.2 5.3 5.1 5.4 5.5

NLET VELOCITY MPS 1.5 1.6 1.6 1.6 1.6 1.6 1.7

OW OMPOSITION
NITROGEN SCFM 81.3 86.6 86.6 86.3 86.3 86.2 83.2 63.1 83.2

OXYGEN SCFM 10.5 9.4 9.4 9.3 9.3 9.3 8.1 8.1

CARBON DIOXIDE SCFM 7.0 7.0 7.0 7.0 7.0 72 7.2

WATER SCFM 11_U 13.5 13.5 13.5 13.5 13.5 13.9 13.9

DRV OW DSCFM 974 1029 1029 102.6 102.6 102.5 9t6 952 984

ANITROGEN 74.95% 74.38% 7438% 74.36% 7435% 74.36% 74.20% 74.07% 74.07%

%OXYGEN 9.64% 8.04% 8.04% 8.01% 8.01% 799% 725% 718% 7.19%

9OXYGEN DRY 10.73% 9.09% 9-09% 9.06% 9.06% 9.04% 8-58% 8.19% 8.20%

SCARBON DIOXIDE 5.25% 5.99% 529% 6.01% 6.01% 6.02% 6.22% 629% 6.38%

%WATER 10.16% 11.59% 11.59% 11.62% 1162% 1164% 12.03% 12.37% 12.35%

CALCINER EXIT

COMBUSTION PRODUCTS SCFM 111.3 1142 112 101.4 101.4 101.4 101.4 114.1 1124

COMBUSTION PRODUCTS DSCFM 56.4

PEOL ED AIR CFM 53.1

654 65.1 633 63.3 633 63.3 66.7 66.4

55.0 65.0 65.0 65_U 650 650 66.8 66.8

EXCES AIR SCFM 141.1 595 58.9 60.9 102.8 98.8 102.8 87.2 80.4

TOTA FLOW SCFM 252.4 173.7 171.4 152.3 2042 200.2 204.2 201 192.8

TOTA CLOW ALFM 401.9 312.0 307.2 308.4 369.9 3686 371 368.1 356.8

FLOVY COMPOSITION

NITROCEN SCFM 1534 98.3 97.9 99.5 132.6 120.4 132.6 121.7 116.3

OXYGEN SCFM 29.6 12.5 12.4 122 21.6 20.7 21.6 18.3 16.9

/4RBON DIOX DE ISCFM 14.5 14.0 137 11.9 11.9 11.9 11.9 13.9 13.6

WAER SCFM
EKIT UL 301111

54.9

3.8

48.8

2.9

47.3

20

38.1 38.1

2.9 3.5

38.1

35

38.1 47.4 45.9

3.5 35 34

\C IT MRS 12 0.9 U_c
0.91

1.1 1.1 li 1.1 10
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Table 13 Operating Data

DAT

PFLASF

3-Aug.01 4-Aug-Cl 14-Aug-Cl 14-Aug-01 14-Aug.01 14-Aug-01 14-Aug-Cl 14-Aug-Cl 14-Aug-Cl

TIME 1730 1330 1400 1500 1600 1700 1800 1845 1930

%NITROGEN 60.79% 56.64% 57.13% 61.32% 64.95% 64.66% 64.95% 60.47% 60.35%

%OXYGEN
IIOXYGEN DRY

1174%

15.00%

7.19A/o

10.00%

7.22%

9.97%

7.88%

10.30%

10.58%

13.00%

10.37%

12.80%

10.58%

13.00%

9.10% 8.76%

11.90% 11.50%

%CARBON DIOXIDE

WATER
CALCINER SPEED RPM

5.73%

21.74%

3.2

8.08%

28.09%

3.2

8.02%

27.63%

3.2

7.33%

23.47%

3.2

5M2%
18.65%

3.2

5.94%

19.03%

3.2

5.82%

18.65%

3.2

6.89% 7.05%

23.54% 23.84%

32 3.2

MA1ERIAL RESIDENCE TIME min 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7

EMISSIONS

FILTER EXIT OW SCFM 304.5 2502 251.1 250.2 247.8 247.7 247.7 246.6 246.6

STATIC PRESS.WG -4.4 1.1 1.1 -1.1 -1.8 -1.8 -1.8 -1.8 -1.8

DIFFER PRESS-WG 0.49 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31

AIR TEMP.-F

FILTER EXIT FLOW DSCFM
502 LB/HR
502 LB/ST TRONA

265

249.7

0.0074

0.0242

220

201.4 203.8

0.0068 0.0071

0.0274 0.0298

225

212.1

0.0074

0.0428

237

209.8

0.0067

0.0386

238 238

209M 209.6

0.0067 0.0060

0.0386 0.0345

244 244

199.2 200.7

0.0056 0.0055

0.0237 0.0243

BOx LB/HR as NO2
NOx LB/ST TRONA

0.0232

0.0754

0.0354 0.0351

0.1429 0.1480

0.0386

0.2241

0.0283

0.1641

0.0295 0.0302

0.1712 0.1753

0.0412

0.1753

0.0395

0.1756

CO LB/HR 0.0098 0.0578 0.0619 0.0714 0.0324 0.0360 0.0239 0.0310 0.0379

CO LB/ST TRONA 0.0318 0.2337 0.2606 0.4142 0.1880 0.2085 0.1384 0.1320 0.1685

THC LB/HR as 03H8 0.0102 cL0289 0.0294 0.0307 0.0241 00233 0.0176 0.0186 0.0201

THC LB/ST TRONA
CH4 LB/HR

0.0333

0.0012

0.1167 0.1236

0.0030 0.0031

0.1780

0.0031

0.1395

0.0025

0.1352 0.1020

0.0024 0.0018

0.0793

0.0020

0.0895

0.0018

CH4 LB/ST TRONA 0.0040 0.0121 0.0128 0.0180 0.0146 0.0141 0.0103 0.0087 0.0078

MISC OATA

OFF GAS DAMPER POSITION 9%l 5%f 5%l %I 6%l 6%l 6%I 6% 6%
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Table 14 Operating Data

IAF

HME

S-Au-Ol 15 Aucj.IJI 15 Auq-O1 IS AuQ-OI 15-Aug01 15 Auq SI IS Augl 15Aug.01 IS-Ag SI

0830 0930 1030 1130 1230 1330 1430 1530 1630

IE.MEEEAIIJRE4IEL

rci COMBUSIION CHAMBLII 2046 2047 2059 2056 2050 2062 2058 2053 2062

C2.CAS2DIALI
CP GAS DUAL

790 730

720 680

725 730

680 680

740 750 750 740 730

675 680 685 680 660

TCE US 44 DIALJ 510 470 460 455 460 450 460 445 450

TCE GAS5DIAL4 560 530 515 520 520 510 515 505 510

TC6 GAS OUT
C7 MATERIAL DISCHARGE

556 542

427 420

525 526

397 401

530 524 527

413 401 400

521 526

402 406

TC48 FILTER INLET 376 366 357 358 361 356 357 356 357

TC9 FILTER EXIT 237 242 241 243 241 241 241 240

PRESSURE IWGl
PT1 COMBUSTION CHAMBER 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

PT42 FEED HOOD 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 006

PT3 DISCHARGE HOOD -0.2 -0.2 -0.15 -0.2 -0.2 -0.2 -0.1 -0.1 -0.1

PTE4 FILTER INLET WG -0.7 -0.7 -0.7 -0.7 -0.7 -0.6 -0.6 -0.6 -0.6

PT5 FILTER OUTLET WG -1.7 -1 -1.6 -1.7 -1.6 -1.6 -1.6 -1.6 -1.5

GAS ANALYSIS DATA DRY BASIS

COMBUSTION CHAMBER %02 3.40% 4.58% 4.72% 452% 4.88% 4.70% 4.95% 4.86% 4.44%

%COMB 0.10% 0.09% 0.09% 0.09% 0.09% 0.09% 0.10% 0.13% 0.71%

CALCINERCUTLET
ppm CO

%O2

235

12.30%

85

12.70%

100

12.40%

192

12.10%

298

12.20%

375

12.10%

577

12.10%

348

12.00%

673

11.80%

%COMB 0.09% 0.09% 0.10% 0.10% 0.09% 0.09% 0.09% 0.19% 0.10%

FILTER OUTLET

ppm CO

DpmSO2

221 179 209 237 277 303 377

187

477 515

opmNOx 63 74 92 144 176 167 185 182

opmCO 66 59 64 79 64 58 62 85 379

10CO2

%O2
5.63%

13.80%

5.46%

14.20%

5.65%

14.20%

5.98%

14.10%

6.07%

14.30%

6.13%

14.30%

6.47%

14.20%

6.32%

14.50%

6.71%

14.00%

ppm THC 13 13 15 14 13 13 13 13 13

ppmCH4
AIRJSEATER OUTLET

AIR SCFM 83 83.7 83.6 80.1 87.0 87.0 86.7 86.6 86.5

1.9STATV PRESS-1H5 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9

P11-I ER PRESS WO 0.12 0.12 0.12 0.11 0.13 0.13 0.13 0.13 0.13

AIRTDM-C 29 29 30 30 30 30 32 33 34

ATGIUIIZING AIR SCFM 11.0 u.n 11.0 110 11.2 11.2 11.2 11.2 11.2

METER READ NG--CFM 6.2 6.2 6.2 6.2 6.2

1UTPIJ PRESS psig 35 35 35 35 33 ._.__2
1-1-ACTOR

EDUCTOR AR SCFM 7.1 7.1 7.1 7.1 7.1 TA 7.1 7.1 7.1

MEIER READ NO--CIM 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6

1JUTUI PRESS-psig 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

1-ACTOR 0.979 0.979 0.979 0.979 0.979 0.979 0.979 0.979 0.979

-SJ.TCNFLDW OEM

rys -51.SGFM 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0

IPTERREADING -PPM

UTPUIPRESS-psip

IFACPR
NITROGEN SCEM 0.0 0.0 0.0 0.0 0.0 00 00 0.0

IEPPADIN40--C1M

rlTPPESS.pSIg
KFAuflR

LOU JIOXIOE SCFM 0.0000 0.0000 0.0000 0.00000.0000 0.0000 0.0000 0.0000 0.0000
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Table 15 Operating Data

LA
Aug.51 IS Aug-UI 15Aug51 15-Aug51 15Aug.51 IS-Aug.51 5Aug.01 15-Aig-51 I5.AugSI

PIIAL

ME 0830 0930 1030 1130 1230 1330 1430 1530 1630

MITER IAI1INGLFH

IlTIllIESi.pslq

LEAITOR

502 0LECI B/HR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LB SOzLS RuNA FEED 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

AAT SCFM 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0

METER READING--ClAM

EFACTOR

TOTAL INPUT S/FM
TRONA FEED LB HE

101

.fl00

101

435.0

101.7

390.0

98.2

373.0

105.3

373.0

05.3

373.0

105.0 104.9 104.7

3730 373.0 373.0

RONA FEED SFH 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

NATURAL GAS 5CFM 5.9 55 5.3 4.7 4.0 4.0 3.6 3.4 3.4

METER READING--CAM 3.5 3.2 3.1 2.7 2.3 2.3 192 1.8 83

IJTPUtm PRESS-psig

uFACTOR

10 10.5 10.5 12 12 12 16 16 16

NATURAL OAS BTOJHR LHV
COAL B/FIR

328014

60

302919

6.4

293453

5.7

263085

10.9

130276

224109

16.4

224109

ISA

200607

2L9

188069 191204

219 21.9

COAL BTUIHR LHV 71.712 75895 68126 195012 195012 261747 261747 261747

COAL RATE MMBtu/st FEED 0.350 0.349 0.349 1.051 1.403 1.403 1.403

OF MAXIMUM COAL RATE 2499% 2492% 2495% 49.90% 707% 75.07% 100.25% 100 25% 100.25%

TOTAL FUEL INPUT BTU/HR LHV 399728 378814 361579 393361 420121 420121 462354 449817 452951

TOTAL FUEL INPUT MMBTUIsI FEED 1.95 174 185 211 225 2.25 248 241 243

%NAURAL GAS 82 06% 7997% 81.16% 66.88% 5334% 5334% 4339% 41 81% 4221%

000AL 17 94% 2003% 18.84% 33A2% 46.66% 48.66% 5661% 58A9% 5779%

ADJUSTED NFUTSCFM 108.4 108.1 107.8 104.2 111.2 111.2 111.1 110.8 110.7

ADJUSTED INPUT ACFM 512.7 511.6 512.2 494.8 526.8 529.3 527.9 525.1 526.6

INLET VELDCITY FPS 4.8 4.8 4.8 4.7 5.0 5.0 5.0 5.0 5.0

INLET VELOCITY MPS 1.5 1.5 1.5 1.4 1.5 1.5 1.5 1.5

FLOW COMPOSIT ON
NI FROGEN SCFM 80.4 80 80.4 77.6 83.2 83.2 83.0 82.8 82.7

OXYGEN SCFM 6.7 75 8.1 6.2 6.8 6.8 52 5.6 5.5

1ARBON DIOXIDE SCFM 8.4 8.1 7.7 9.1 10.5 10.5 12.1 119 11.9

WAFER SCFM
DRY OW DSCFM

12.9

95.5

12.0

96.1

11.6

96.2

11.3

92.9

T51
100.4

10.8

100.4

10.8

1002

10.3

100.3

10.5

100.1

%NITROGEN 74.13% 7442% 74.59% 74 42% 74.78% 74.78% 74.65% 780% 74.76%

OXYGEN 6.18% 6.93% 7.51% 5.96% 6.08% 6.08% 4.66% 5.07% 4.94%

UOXIYGEN DRY 7.01% 7.83% 8.42% 6.69% 6.73% 6.73% 5.17% 5.59% 5.46%

0CARBON DIOXIDE

1WATER
7.79%

11.88%

7.50%

11.12%

7.13%

10.75%

72%
10.85%

9.40%

968%
9.40%

9.68%

10.89%

9.71%

10.72%

9.34%

10.78%

9.45%

CALCINER EXIT

COMBUSTION PRODUCTS 5CFM
COMBUS1 ION PRODUCTS DSCFM

111

69

109.7

66

102.6

63.2

106.6

68.7

111.0

73.6

111.0

73.6

118.4

81

116.0

79.0

116.6

79.5

REOUIRED AIR SCFM 699 66.2 63.2 68.6 73.1 73.1 80.3 78.1 78.7

FCESS AIR SCFM 983 102.0 91.1 93.3 102.0 100.1 110 105.4 102.0

jlA FLOW SLFM 210.0 211.7 193.7 199.9 213.0 211.1 228.5 221 218.5

TOTA FLOW AL FM 4025 4002 360.0 371.9 397.9 391.8 4255 409.6 406.6

TEl L.OMDOSITION

tPOCEFI SCFM 132.6 1328 121.9 127.9 138.4 136.8 150.5 145.0 142.7

OXYGEN SCFM 20.6 21.4 19.1 19.6 21.4 21.0 23.1 22.1 21.4

IPRON DIOX OF SCFM 14.3 14.3 13.2 14.4 15.8 15.8 174 17.2 17.2

WATER SCFM
EXIT iLl CIIYFPS

42.1

3.8

43.0

3.8

39.4

34

37.9

35

374

3.8

374

3.7

37.4

4.0

36.9

39

370

3.8

FI ITI UPS 2f 1.21 1.01 1.11 1.11 lij 21 1.21 ta
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Table 16 Operating Data

DATL
15-Aug-01 15-Aug-SI 15-Mg-SI l5Aug-Ol 15-Aug-Si IS-Aug-SI 15-Aug-01 15-Aug01 15-Aug-01

PHASE

TIME 0830 1030 1130 1230 1330 1430 1530 1630

%NITROGEN 63.29% 62.78% 62.95% 64.02% 64.99% 64.86% 65.88% 65.54% 65.35%

OXYGEN 9.84% 10.12% 9.88% 9.81% 10.06% 9.96% 10.13% 10.00% 9.80%

SOXYGEN DRY 12.30% 12.70% 12.40% 12.10% 12.20% 12.10% 12.10% 12.00% 11.80%

CARBON DIOXIDE

%WATER

6.81%

20.06%

ëYä%

20.34%

6.84%

20.33%

7.21%

18.96%

7.40%

17.54%

7.47%

17.71%

7.63%

16.37%

7.77%

16.69%

7.89%

16.96%

CALCINER SPEED RPM 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2

MATERIAL RESIDENCE TIME mm 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7

EMIMIQNi

FILTER XIT FLOW SCFM
STATIC PRESS-WG

247.8

-1.9

246.9

T1
24L1

-1.8

247.1

-1.8

246.8 247.1

-1.8 -1.8

247.1

1.8

247A

1.8

247.3

-1.8

DIFFER PRESS-WG 0.31 ö3 ThTII 0.31 0.31 0.31 0.31 0.31 0.31

AIR TEMP.-F 237 11i 241 243 241 241 240

FILTER EXIT FLOW DSCFM 205.7 1Tg Th 209.2 209.4 209.8 209.7 210.2 210.3

SO2 LB/KR 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

SO2 LB/ST TRONA 0.0000 0.0000 Töo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

NOx LB/HR as NO2 0.0931 0.1081 T5gg 0.2151 0.2631 0.2501 0.2800 0.2776 0.2732

NOx LB/ST TRONA- 0.4542 0.4969 0.6967 11534 1.4109 1.5015 1.4886 1A649

00 LB/HR
CO LB/ST TRONA

0.0592

02887

00519

0.2385

0.0580

0.2973

0.0722

0.3874

0.0585 ö3i
0.3136 0.2847

0.0568

0.3048

0.0776

0.4158

0.3463

1.8569

THC LB/HR as 03KB 0.0185 0.0181 0.0209 0.0201 0.0189 00183 0.0182 0.0184 0.0192

THC LB/ST TRONA 0.0904 00832 01069 0.1080 0.1012 00983 0.0975 0.0985 0.1032

CH4 LB/HR 00014 0.0011 00015 0.0010 0.0011 0.0010 0.0011 öb1i6 0.0019

CH4 LUS TRONA 0.0067 öUo th0078 0.0055 0.0061 0.0054 0.0058 0.0084 0.0103

MISC DATA

OFF GAS DAMPER POSITION %I 6%l 6%l 6%l 6%J 6%l 6%
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Table 17 Operating Data

.1 DOXIDE ISCOM 0.0000 0.0000 Oft 0.0000 0.0000 0000 0.000 0.0000

DATE
l-Aug 01 0.Aug.0l l6.Au0 16-Aug-01 1-Aug-Cl l-Aug-01 16-Aug-Cl 16-Aug-01

PHAftI

TIME

10 10

1730 1815 0945 1045 1200 1300 1400 1430

TEMPEflTIJBErf

TC1 COMBUSTION CHAMBER 1761 1750 1933 1949 2055 2062 1762 1765

TL GAS2DIAL1 720 720 780 750 650 650 710 700

TM1 GAS DIA 640 850 680 680 600 650 540 640

TO4 3AS4DIAL3 460 450 445 425 400 400 415 415

TC5 AS DIAL4 505 500 500 470 455 460 470 475

T046 GAS OUT

TC7 MATERIAL DISCHARGE
504

403

503

400

519

415

503

386

502

375

503

369

499

394

502

402

TC8 HLTER INLET 342 342 351 336 343 342 339 342

TC9 ILTER EXIT 233 233 221 223 227 228 227 227

PRESSURE WG
PT1 COMBUSTION CHAMBER 0.1 0.1 0_i 0.i 0_i 0.1 0.1 0_i

FT2 FEED HOOD 0.06 0.06 0.06

-0.1 -0.2

0_os 006 0.06 0_os 0.05

P743 DISCHARGE HOOD -0.2 -0.25 -0.2 -0.1 -0.2 -0.2

P144 FILTER INLET 17/0 -0.6 -0.6 -0.6 -0_S -0.5 -0_S -0.6 -0_s

P745 FILTEROUTLET WO -1.5 -1.5 -1.5 -1.4 -1.4 -1.4 -1.4 -1.4

GAS ANALYSIS DATA DRY BASIS

COMBUSTION CHAMBER %O2 8.83% 9.20% 6.74% 7.22% 6.19% 6.35% 9.10% 9.20%

%COMB 0.08% 0.08% 0.11% 0.12% 0.07 0.07% 0.11% 0.11%

CALCINER OUTLET
ppm CO

%O2

592

14.50%

678

14.30%

1083

11.80%

1107

11.30%

160

10.50%

136

10.60%

201

13.60%

173

13.50%

%COMB 0.08% 0.08% 012% 0.13% 0.15% 015% 0.13% 0.13%

ppm CO 370 392 846 692 371 362 190 179

FIL RUUTLET ppmSO2

ppm NOx

ppmCO
%C02

%O2

ppmTHC

ppmCH4

AIR HEATER OUTLET

MAIN AIR SCFM

210155 162 225 41 42 21 21

24 30 77 78 70 78 23 23

4.53%

16.10%

4.57% 7.33%

16.10% 13.22%

7.44%

13.40%

718%

12.50%

7.12% 4.64%

12.60% 15.30%

4.85%

15.20%

17 23 22 13 13

86.3 86.3 83.9 83.9 87.0 83.5 83.3 83.3

TAfl PRESS-Hg 1.9

DIFFER PRESS-WG 0.13

1.9 2.1 2.1

0.13 0.12 012

2.1

0.13

21 2.1

012 012

2.1

0.12

AIRTEMPD 35 35 30 30 32 33 34 34

ATOMIZING AIR SCFM 11.2 11.2 11.6 11.6 11.6 11.6 11.6 11.6

METER READING--CFM 6.2 6.2

OUTPUT PRESS-psig 33 33 40 40 40 40 40 40

kFAGTOR

EDUCTOR AIR SCFM 7.1 7.1 6.9 6.9

5.4

6.9 6.9 6.9 5.9

FTER READINCr-CFM 5.6 5.6 5.4 5.4 5.4 5.4 5.4

.WTPJT PRESS-psig 3.5 3.5 3.5 35 3.5 3.5 3.5 3.5

AG IOR 0.979 0.971 0.979 0.979 0.979 0.979 0.979 0.979

1JCTION FLOW- SCEM

OXYCEN SCEM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

METER READING -CFM

CJTP T2RESS-osiq

.fli0R

TROEN SoFM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

METER READING CFM

JFPTPRESS-psg

AtTOR 00 00 00
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Table 18 Operating Data

DATE 15jg 15AugQ1 já.j.41 IS-Aug-C IS-Aug-Cl IS-Aug-Cl IS-Aug-Cl I6-Aag-0

PHASE 10 10

TIME 1730 1815 0945 1045 1200 1300 1400 1430

tIETERREADINQ-.CFH

OUTPUTPRESS-psg

kFACTOR

502 INJECTION LB/HR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

LB 302/LB TRONA FEED 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

WATER SCFM 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

METERREA0ING.GPH

kFACTOR

TOTAL INPUT SCFM 1046 104.5 102.3 102.3 105.5 101.9 101.8 101.8

TRONA FEED LB/HR 260.0 2600 435.0 415.0 570.0 588.0 355.0 355.0

TRONA FEED STPH 0.1 0.1 0.2 0.2 0.3 0.3 0.2 0.2

NATURAL GAS SCFM 2.8 2.8 3.3 3.0 8.3 8.3 6.6 6.6

METER READINGCFM 1.5 1.5 1.75 1.58 4.55 4.55 3.5 3.5

OUTPUT PRESS-psrg 16 16 16 16 14 14 16 16

kEACTOR

NATURAL GAS BTU/HR LHV
COAL LB/FIR

156724

15.3

156724

15.3

162.845

25.5

165083

24.3

459651

0.0

459651

0.0

365690

0.0

365690

0.0

COAL BTU/HR LHV 182267 182267 304774 290.432

COAL RATE MMBtU/st FEED 1.402 1.402 1401 1.400 0.000 0.000 0.000 0.000

OF MAXIMUM COAL RATE 100.15% 100 15% 100.09% 99.98% 0.00% 0.00% 0.00% 0.00%

TOTAL FUEL INPUT 870/HR LHV
TOTAL FUEL INPUT MMBTU/st FEED

338991

2.61

338991

2.61

487619

2.24

455515

2.20

459651

61

459651

1.56

365690

2.06

365690

206

%NATURAL GAS 4623% 46.23% 37.50% 38.24% 100.00% 100.00% 100.00% 100.00%

%COAL 53 77% 53.77% 62.50% 63.76% 0.00% 0.00% 0.00% 0.00%

ADJUSTED INPUT SCFM 109.2 109.1 108.5 108.1 113.9 110.4 108.5 108.5

ADJUSTED INPUT ACFM 45L4 455.0 490.0 491.2 540.5 525.2 454.9 455.5

INLET VELOCITY FPS 4.3 4.3 4.6 4.6 5.1 5.0 4.3 4i

INLETVELOCITYMP5 1.3 1.3 1.4 1.4 1.6 1.5 1.3 1.3

FLOW COMPOSITION

NITROGEN SCFM
OXYGEN SCFM

82.6

9.6

82.6

9.6

80.8

3.7

80.8

4.9

83.3

5.2

80.5

4.5

80.4

7.9

804

7.9

CARBON DIOXIDE SCFM 8.7 8.7 13.1 12.3 8.6 8.6 6.9 6.9

WATER SCFM 8.1 8.1 10.7 9.9 16.7 16.7 13.3 13.3

DRY FLOW DSCFM 101.0 100.9 977 98.1 97.2 93.6 95.2 95.2

%NITROGEN 75.69% 75.69% 7450% 74.81% 73.15% 72.96% 74.11% 7411%

%OXYGEN 8.78% 8.78% 3.42% 4.52% 4.60% 4.07% 7.30% 7.30%

%OXYGEN DRY
%CARBON DIOXIDE

%WATER

9.50%

8.01%

7.45%

9.49%

8.02%

748%

3.80%

12.11%

9.88%

4.98%

1143%
9.15%

5.39%

7.58%

14.67%

479%
7.83%

15.15%

8.32%

6.33%

12.26%

8.32%

6.33%

12.26%

CALCINER EXIT
COMBUSTION PRODUCTS SCFM
COMBUSTION PRODUCTS DSCFM

85.8 85.8 128.1 120.3 137.8 139.3 101.2 101.2

59.1 59.1 86.3 80.8 80.4 80.7 62.6 62.6

REOUIRED AIR SCFM 53.9 53.9 84.7 79.1 80.5 80.5 64.1 64.1

EXCESS AIR SCFM 131.8 126.1 110.7 94.2 80.4 82.2 115.0 112.6

TOTAL FLOW SCFM 217.6 211.9 238.8 214.5 218.2 221.6 216.2 213.9

TOTAL FLOW ACFM 395.7 384.9 441.1 389.7 396.1 402.6 391.2 388.2

FLOW COMPOSITION
NITROGEN SCFM 150.7 146.2 154.4 136.9 127.2 128.6 141.5 139.6

OXYGEN SCFM 27.7 26.5 23.3 19.8 16.9 17.3 24.2 23.7

CARBON DIOXIDE SCFM 12.5 12.5 19.3 18.3 16.8 17.0 11.9 11.9

WATER SCFM 26.7 261 41.7 39.5 57-3 58.6 38.6 38.6

EXIT VELOCITY FPS 3.7 3.6 4.2 3.7 3.7 3.8 3.7 3.7

EXIT VELOCITY MP5 1.1 1.1 1.3 1.1 1.1 1.2 1.1 1.1
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Table 19 Operating Data

DATE
15Aug-01 15-Aug-01 15-Aug-01 16-Aug-0 16-Aug-01 16-Aug-01 16-Aug-Cl 16-Aug-01

PHASE 10 10

TIME 1730 1815 0945 1045 1200 1300 1400 1430

%NITROGEN 69.28% 69.02% 64.67% 63.85% 58.29% 58.05% 65.45% 65.30%

%OXYGEN
%OXYGEN DRY

%CARBON DIOXIDE

12.73%

14.50%

5.73%

12.50%

14.30%

5.88%

914%

11.80%

8.10%

9.23% 7.74%

11.30% 10.50%

8.52% 7.68%

720%
10.60%

7.68%

11.17%

13.60%

5.52%

11.06%

13.50%

538%

%WATER 12.26% 12.59% 17A8% 18.41% 26.28% 26.47% 17.86% 18.05%

CALCINER SPEED RPM

MATERIAL RESIDENCETIME miii

3.2

16.7

3.2

16.7

3.2

16.7

3.2 3.2

16.7 16.7

3.2

16.7

3.2

16.7

3.2

18.7

EMISSIONS

FILTER EXIT FLOW SCFM
STATIC PRESS-wG
DIFFER PRESS-WG

248.6

-1.8

0.31

248.6

-1.8

0.31

250.7

-1.8

0.31

250.4 249.6

-1.8 -1.8

0.31 0.31

249.5

-1.8

0.31

249.6

-1.8

0.31

249.6

-2.0

0.31

AIR TEMP.-F 233 233 221 223 227 228 227 227

FILTER EXIT FLOW DSCFM
S02 LB/FR

22t9

0.0000

221.9

0.0000

209.0

0.0042

210.9

0.0038

192.3

0.0000

190.8

0.0000

211.0

0.0000

211.0

0.0000

502 LB/ST TRONA
NOx LB/HR as NO2
NOXLB/STTRONA
CO LB/HR

0.0000

0.2455

1.8887

0.0236

0.0000

0.2566

1.9740

0.0290

0.0191

0.3133

1.4407

0.0697

0.0182 0.0000

0.3388 0.0582

1.6326 0.1971

0.0715 0.0589

03443 0.2066

0.0000

0.0571

0.1943

0.0647

0.0000

0.0323

0.1817

0.0211

0.0000

0.0320

0.1802

0.0211

CC LB/ST TRONA 0.1812 0.2231 0.3203 0.2200 0.1189 0.1187

THC LB/HR as C3H8 0.0139 0.0142 0.0022 0.0238 0.0302 0.0281 0.0182 0.0190

THC LB/ST TRONA
CH4 LB/HR
CH4 LB/ST TRONA

0.1070

0.0010

0.0081

0.1096

0.0011

0.0082

0.0103

00001

0.0004

0.1145 0.1060

0.0014 0.0027

0.0065 0.0094

0.0957

0.0032

0.0108

0.1023

0.001/

0.0094

0.1071

0.0019

0.0109

MISC DATA

OFF GAS DAMPER POSITION 6% 6% 8%I 6% 6% 6% 6% 6%
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Figure 15 System Temperature Profile-i 3Aug
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Figure 16 System Temperature Profile-l4Aug
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Figure 17 System Temperature Profile-l5Aug
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Figure 18 System Temperature Profile-i 6Aug
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Figure 19 System Pressure Profile-l3Aug

AN

Inlet

Outlet

Filter In

FiltrOut

\ct cv

me

45

SOLVAY2016_1.3_000086



MI

Inlet

Outlet

Filter In

Filter Out

me

Figure 20 System Pressure Profile-l4Aug
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Figure 21 System Pressure Profile-i 5Aug
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Figure 22 System Pressure Profile-i 6Aug
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Figure 23 Teledyne Analyzer Data-i 3Aug
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Figure 24 Teledyne Analyzer Data-l4Aug
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51 SOLVAY2016_1.3_000092



ppm CO

%Comb

1402

730 800 830 800 830 1000 1028 1088
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Figure 27 Filter Exit Gas Analysis-i 3Aug
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Figure 30 Filter Exit Gas Analysis-i 6Aug
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Table 20 Heavy Metals Data

Natural Gas

Sampla Volume 92

Flowrate 256

Laboratory Data

Front Half Front Half Back Half Back Half Sample Concentration Mass Rate

Sample Blank Sample Blank Total

ug ug ug ug ug ppm lb/hr

Arseni3 As 7.45 7.45 9.18E-03 2.7426E-06

Cadmium Cd 1.53 1.53 1.26E-03 5.6324E-07

Lead Pb 169 1.11 0.679 169.431 7.55E-02 6.2372E-05

Mercuy Hg 0.4 2.4 1.105-03 8.83515-07

Coal Firing

Sampl Volume 85.2

Flowrate 257

Laboratory Data

Front Half Front Half Back Half Back Half Sample Concentratio Mass Rate

Sample Blank Sample Blank Total

ug ug ug ug ug ppm lb/hr

ArseniD As 8.33
.c 8.33 1.11E-02 3.3242E-06

Cadmium Cd 0.444 0.444 3.945-04 1.18095-07

Lead Pb 123 0.843 0.679 123.164 5.93E-02 1.7772E-05

Mercuy Hg 1.49E03 4.47165-07
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TablE 21 Heat Balance-Phase

HEAT IN BTU/HR kcal/hr

Air Input 473 lb/hr 8.8 btu/lb

Natural Gas 402 scfh 924 btu/SCF LHV

Leak Air 281 lb/hr 8.8 btu/lb

Feed 70F 345 lb/hr 9.1 btu/lb

TOJAL

4144

371448

2460

3146

381199

1044

93605

620

793

96062

1.09%

97.44%

0.65%

0.83%

100.0%

HEAT OUT

Radiation Convection

Air Heater

Rotary Calciner Shell

Hoods

Calciner Off Gas 505

C02 47.7 lb/hrx 99.7 btu/lb

H20 37.7 lb/hrx 223.6 btu/lb

BTU/HR

158939

96955

48512

13472

4750

8426

kcallhr

40053

24433

12225

3395

1197

2123

40.93%

24.97%

12.49%

3.47%

1.22%

2.17%

N2 579.9 lb/hrx 116.6 btu/lb

Excess 02 505 107.3 lb/hrx 104.8 btu/lb

Calciner Product 401 227.0 lb/hrx 88.6 btu/lb

Finas 505 30.0 lb/hrx 113.5 btu/lb

Feed Moisture 505 1.7 lb/hrx 1173.6 btu/lb

Heat of Reaction 344.0 lb/hr
dry teed 325 btu/lb

TOTAL OUT

67620

11247

20103

3406

1984

111800

388274

17040

2834

5066

858

500

28174

97845

17.42%

2.90%

5.18%

0.88%

0.51%

28.79%

100.0%

1.9% difference between the total heat in and the total heat out
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TabI 22 Heat Balance-Phase

HEAT IN BTU/HR kcallhr

Air nput 470 lb/hr 8.8 btu/lb

Nat .iral Gas 204 scfh 924 btu/SCF LHV

Coal 22 lb/hr 11952 btu/lb LHV

Leak Air 354 lb/hr 8.8 btu/lb

Feed 70F 373 lb/hr 9.1 btu/lb

IOAL-IN

4121

188496

261749

3101

3402

460869

1038

47501

65961

782

857

116139

0.89%

40.90%

56.79%

0.67%

0.74%

100.0%

HEATDUT

Radiation Convection

Air Heater

Rotary Calciner Shell

Hoods

Calciner Off Gas 526

C02 117.5 lb/hrx 104.5 btu/lb

H20 103.1 lb/hr 233.7 btu/lb

N2 630.1 lb/hrx 121.9 btu/lb

Excess 02 526 96.0 lb/hrx 109.9 btu/lb

Calciner Product 406 219.0 lb/hr 89.8 btu/lb

Fines 526 30.6 lb/hrx 118.6 btu/lb

Feed Moisture 526 1.1 lb/hrx 1183.7 btu/lb

Coal Moisture 526 1.8 lb/hrx 1180.8 btu/lb

Heat of Reaction 371 lb/hr dry feed 325 btu/lb

IOIAL OUT

BTU/HR

174800

92336

65677

16787

12279

24096

76805

10558

19657

3628

1280

2129

120.873

4d6106

kcal/hr

44050

23269

16551

4230

3094

6072

19355

2661

4954

914

323

536

30460

112419

39.18%

20.70%

14.72%

3.76%

2.75%

5.40%

17.22%

2.37%

4.41%

0.81%

0.29%

0.48%

27.1 0%

100.0%

-3.2% difference between the total heat in and the total heat out
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Table 23 Natural Gas Composition

VOL%

C02 1.09%

N2 0.42%

CH4 95.33%

C2H6 2.34%

C3H8 0.46%

CH32CHCH3 0.09%

C3H1O 0.10%

CH32CHCH2CH3 0.04%

C5H12 0.03%

CH3CH24CH3 1.09%

H2S 1/3 GM PER 100 FT3

TOTAL SULFUR GRAMS PER 100 FT3

NET HEAT VALUE 924 BTU/FT3

DENSITY lb/ft3 STP 0.0475

FT3 C02 FT3 FUEL 1.042

FT3 H20/ FT3 FUEL 2.016

FT3 N2 FT3 FUEL 7.679

FT3 AIR REQ/ FT3 FUEL 9.714
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Figure 31 Commercial PFD-Calciner Gas Fired
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Figure 32 Commercial PFD-Calciner Coal Fired
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Figure 33 Commercial PFD-300F Spill
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Figure 34 Commercial PFD-250F Spill
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Table 24 Sieve Analysis-Composite Feed As Received

FC 1024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Trona Composite Feed as received

l3Aug start-1600 hr

Was Screen ample Dried

Yes No

Project No 1-56563-865-00-30 Wt of Sample Tested 277.3 ci

Moisture as Recd 0.29% Bulk Density 82.80 /cf wet

Method of Screening Hand screen to Sm Rotao -8m tor 10 mm Bulk Density /cf dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 1/2 inch 0.0 100.0

.2 3/8 inch 4.6 1.7 v8 inch 1.7 98.3

-3/8 14 inch 33.8 12.2 inch 13.8 86.2

mesh 33.0 11.9 mesh 25.7 74.3

-4 mesh 37.6 13.6 mesh 39.3 60.7

-6 mesh 30.6 11.0 mesh 50.3 49.7

-812 mesh 21.5 7.8 12 mesh 58.1 41.9

-12 16 mesh 15.9 5.7 16 mesh 63.8 36.2

-162omesh 13.8 5.0 2omesh 68.8 31.2

-20 30 mesh 86.5 31.2 30 mesh 100.0 0.0

-30 40 mesh 0.0 0.0 40 mesh 100.0 0.0

-40 50 mesh 0.0 0.0 50 mesh 100.0 0.0

-50 70 mesh 0.0 0.0 70 mesh 100.0 0.0

-70 100 mesh 0.0 0.0 100 mesh 100.0 0.0

-100 140 mesh 0.0 0.0 140 mesh 100.0 0.0

-140 170 mesh 0.0 0.0 170 mesh 100.0 00

-170 200 mesh 0.0 0.0 200 mesh 100.0 0.0

-200 325 mesh 0.0 0.0 325 mesh 100.0 0.0

-325 mesh 0.0 0.0

ITotal 277.3 98.3

SIGNED

DATE

Les Dufl

08/13/2001
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Table 25 Sieve Analysis-Composite Feed-i 4Aug after crushing

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Composite Feed after crushing

l4Aug 1715 hr

Was Screen ample Dried

Yes No

Proiect No 1-56563-865-00-30 Vt of Sample Tested 244.6

Moisture as Recd 0.37% Bulk Densitq /cf wet

Method of Screening Hand screen to Sm Rotao -8m for 10 mm Bulk Density 75.60 It/cf dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 34 inch 0.0 0.0 inch 0.0 100.0

-1 34112 inch 0.0 0.0 inch 0.0 100.0

121 14 inch 0.0 0.0 inch 0.0 100.0

114 inch 0.0 0.0 inch 0.0 100.0

34 inch 0.0 0.0 inch 0.0 100.0

34 inch 0.0 0.0 inch 0.0 100.0

.2 3i8 inch 0.0 0.0 /8 inch 0.0 100.0

-3/8 l4 inch 0.0 0.0 14 inch 0.0 100.0

14 mesh 1.6 0.7 mesh 0.7 992

-4 mesh 20.4 8.3 mesh 9.0 91.0

-68 mesh 22.6 9.2 mesh 18.2 81.8

-8 12 mesh 19.3 7.9 12 mesh 26.1 73.9

-12l6mesh 27.1 11.1 l6mesh 37.2 62.8

-16 20 mesh 21.4 8.7 20 mesh 46.0 54.0

-20 30 mesh 16.0 6.5 30 mesh 52.5 47.5

-30 40 mesh 11.4 4.7 40 mesh 57.2 42.8

-40 50 mesh 9.3 3.8 50 mesh 61.0 39.0

-50 70 mesh 9.1 3.7 70 mesh 64.7 35.3

-70loomesh 9.6 3.9 lOOmesh 68.6 31.4

-100 140 mesh 9.0 3.7 140 mesh 72.3 27.7

-140l7omesh 6.4 2.6 l7omesh 74.9 25.1

-170 200 mesh 6.5 2.7 200 mesh 77.6 22.4

-200 325 mesh 15.9 6.5 325 mesh 84.1 15.9

-325 mesh 39.0 15.9

Total 244.6 100.0

SIGNED LesDutt

DATE 08/17/2001
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Table 26 Sieve Analysis-Composite Feed-i 4Aug after crushing

FC-1 024-3

EL.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Composite Feed after crushing

l4Aug 1800-1930 hr

Was Screen ample Dried

NoYes

Project No 1-56563-865-00-30 Wt of Sample Tested 269.0 ci

Moisture as Recd 0.37% Bulk Density /cf wet

Method of Screening Hand screen to Sm RotaD -Sm for 10 mm Bulk Density 78.40 /cf dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 34 inch 0.0 0.0 inch 0.0 100.0

-1 34 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 114 inch 0.0 100.0

11/4 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

Y2 inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 V8 inch 0.0 100.0

-3/8 inch 0.0 0.0 inch 0.0 100.0

/4 mesh 1.3 0.5 mesh 0.5 99.5

-46 mesh 27.1 10.1 mesh 10.6 89.4

-6 mesh 32.1 11.9 mesh 22.5 77.5

-8 12 mesh 30.4 11.3 12 mesh 33.8 66.2

-12 16 mesh 34.2 12.7 16 mesh 46.5 53.5

-16 20 mesh 23.8 8.8 20 mesh 55.4 44.6

-20 30 mesh 16.0 5.9 30 mesh 61.3 38.7

-30 40 mesh 10.6 3.9 40 mesh 65.2 34.8

-40 50 mesh 8.6 3.2 50 mesh 68.4 31.6

-50 70 mesh 8.3 3.1 70 mesh 71.5 28.5

-70 100 mesh 8.6 3.2 100 mesh 74.7 25.3

-100l4omesh 8.5 3.2 l4omesh 77.9 22.1

-140 170 mesh 5.6 2.1 170 mesh 80.0 20.0

-170 200 mesh 5.5 2.0 200 mesh 82.0 18.0

-200 325 mesh 14.4 5.4 325 mesh 87.4 12.6

-325 mesh 34.0 12.6

269.0 100.0

SIGNED LesDutt

DATE 08/17/2001
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Table 27 Sieve Analysis-Composite Feed-i 5Aug after crushing

FC-1024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
1av Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Composite Feed after crushing

l5Aug Start-1830 hr

Was Screen ample Dried

Yes No

Prolect No 1-56563-865-00-30 Wt of Sample Tested 278.5 ci

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to 8m Rotan -Sm for 10 mm Bulk Density 81.50 /cf dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 114 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 inch 0.0 0.0 14 inch 0.0 100.0

mesh 3.4 1.2 mesh 1.2 98.8

-4 mesh 40.7 14.6 mesh 15.8 84.2

-6 mesh 32.2 11.6 mesh 27.4 72.6

-8l2mesh 38.1 13.7 l2mesh 41.1 58.9

-12 16 mesh 26.3 9.4 16 mesh 50.5 49.5

-16 20 mesh 18.3 6.6 20 mesh 57.1 42.9

-20 30 mesh 12.2 4.4 30 mesh 61.5 38.5

-30 40 mesh 9.4 3.4 40 mesh 64.8 35.2

-40 50 mesh 9.4 3.4 50 mesh 68.2 31.8

-50 70 mesh 9.6 3.4 70 mesh 71.7 28.3

-70 100 mesh 9.3 3.3 100 mesh 75.0 25.0

-100l4omesh 8.9 3.2 l4omesh 78.2 21.8

-140 170 mesh 5.9 2.1 170 mesh 80.3 19.7

-170 200 mesh 6.4 2.3 200 mesh 82.6 17.4

-200 325 mesh 16.5 5.9 325 mesh 88.5 11.5

-325 mesh 31.9 11.5

Total 278.5 100.0

SIGNED Les Duft

DATE 08/20/2001
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Table 28 Sieve Analysis-Product-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Product Phase

l4Aug 1630 hr

Was Screen

Yes

ample Dried

No

Tested 154.1Proiect No 1-56563-865-00-30 wt of Sample

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to Am Rotao -8m for 10 mm Bulk Density 58.40 /cf dry

U.S Screen Grams Retained Retained
II

Cumul.% Retained Cumul.% passingj

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 114 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 /8 inch 0.0 100.0

-3/8 inch 0.0 0.0 inch 0.0 100.0

mesh 0.3 0.2 mesh 0.2 99.8

-4 mesh 9.1 5.9 mesh 6.1 93.9

-68mesh 19.1 12.4 Bmesh 18.5 81.5

-8 12 mesh 18.8 12.2 12 mesh 30.7 69.3

-12 16 mesh 19.3 12.5 16 mesh 43.2 56.8

-162omesh 16.1 10.4 2omesh 53.7 46.3

-20 30 mesh 11.6 7.5 30 mesh 61.2 38.8

-30 40 mesh 8.4 5.5 40 mesh 66.6 33.4

-40 50 mesh 6.8 4.4 50 mesh 71.1 28.9

-50 70 mesh 7.2 4.7 70 mesh 75.7 24.3

-70loomesh 7.1 4.6 lOOmesh 80.3 19.7

-100 140 mesh 6.8 4.4 140 mesh 84.8 15.2

-140 170 mesh 4.5 2.9 170 mesh 87.7 12.3

-170 200 mesh 4.4 2.9 200 mesh 90.5 9.5

-200 325 mesh 7.9 5.1 325 mesh 95.7 4.3

-325 mesh 6.7 4.3

Total 154.1 100.0

SIGNED Les Dufl

DATE 08/14/2001

69 SOLVAY2016_1.3_000110



Table 29 Sieve Analysis-Product-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Product Phase

l4Aug 1700 hr

Was Screen ample Dried

Yes No

Proiect No 1-56563-865-00-30 WI of Sample ested 219.7

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to Elm Rotao -Elm for 10 mm Bulk Density 57.80 /cf dry

U.S Screen Grams Retained Retained Cumul.% passingj

inch 0.0 0.0 inch 0.0 100.0

-2 34 inch 0.0 0.0 44 inch 0.0 100.0

-1 34112 inch 0.0 0.0 112 inch 0.0 100.0

-11 inch 0.0 0.0 114 inch 0.0 100.0

114 inch 0.0 0.0 1ich 0.0 100.0

-1 34 inch 0.0 0.0 34inch 0.0 100.0

34 12 inch 0.0 0.0 Hnch 0.0 100.0

12 3i8 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 14 inch 0.0 0.0 14 inch 0.0 100.0

mesh 0.6 0.3 mesh 0.3 99.7

-4 mesh 13.8 6.3 mesh 6.6 93.4

-68 mesh 23.3 10.6 mesh 17.2 82.8

-8 12 mesh 23.6 10.7 12 mesh 27.9 72.1

-12 16 mesh 27.4 12.5 16 mesh 40.4 59.6

-16 20 mesh 232 10.6 20 mesh 50.9 49.1

-20 30 mesh 18.6 8.5 30 mesh 59.4 40.6

-30 40 mesh 14.2 6.5 40 mesh 65.9 34.1

-40 50 mesh 11.7 5.3 .50 mesh 71.2 28.8

-50 70 mesh 11.5 5.2 70 mesh 76.4 23.6

-70loOmesh 11.0 5.0 lOOmesh 81.4 18.6

-100 140 mesh 9.9 4.5 140 mesh 85.9 14.1

-140l7omesh 6.0 2.7 l7omesh 88.7 11.3

-170 200 mesh 5.1 2.3 200 mesh 91.0 9.0

-200 325 mesh 9.3 4.2 325 mesh 95.2 4.8

-325 mesh 10.5 4.8

Total 219.7 100.0

SIGNED Les Duff

DATE 08/16/2001

70 SOLVAY2016_1.3_000111



Table 30 Sieve Analysis-Product-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Product Phase

l4Aug1730hr

Was Screen ample Dried

Yes No

Prolect No 1-56563-865-00-30 yt of Sample ested 204.6

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to 8m Rotao -8m for 10 mm Bulk Density 58.90 /cf dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 11/2 inch 0.0 0.0 inch 0.0 100.0

11/2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 14 inch 0.0 0.0 14 inch 0.0 100.0

1% mesh 0.2 0.1 mesh 0.1 99.9

-4 mesh 12.0 5.9 mesh 6.0 94.0

-6 mesh 23.6 11.5 mesh 17.5 82.5

-8 12 mesh 24.6 12.0 12 mesh 29.5 70.5

-12 16 mesh 26.8 13.1 16 mesh 42.6 57.4

-162omesh 21.8 10.7 2omesh 53.3 46.7

-20 30 mesh 16.3 8.0 30 mesh 61.2 38.8

-30 40 mesh 11.7 5.7 40 mesh 67.0 33.0

-40 50 mesh 9.5 4.6 50 mesh 71.6 28.4

-50 70 mesh 9.7 4.7 70 mesh 76.3 23.7

-70 100 mesh 9.1 4.4 100 mesh 80.8 19.2

-100 140 mesh 8.9 4.3 140 mesh 85.1 14.9

-140 170 mesh 5.1 2.5 170 mesh 87.6 12.4

-170 200 mesh 4.9 2.4 200 mesh 90.0 10.0

-200 325 mesh 9.3 4.5 325 mesh 94.6 5.4

-325 mesh 11.1 5.4

ITotal 204.6 100.0

SIGNED Les Duff

DATE 08/16/2001

71 SOLVAY2016_1.3_000112



Table 31 Sieve Analysis-Product-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Product Phase

l4Aucj 1900 hr

Was Screen Sample Dried

Yes No

Project No 1-56563-865-00-30 Wt of Sample ested 227.8

Moisture as Recd Bulk Density /cf wet

Method of Screening

U.S Screen

Hand screen to Rm Rotan -8m for 10 mm

Grams Retained Retained II

Bulk Density 56.40

Cumul.% Retained

/cf dry

Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

1/2 inch 0.0 0.0 1/2 inch 0.0 100.0

3/8 inch 0.0 0.0 V8 inch 0.0 100.0

-3/8 inch 0.0 0.0 inch 0.0 100.0

.J/4 mesh 1.0 0.4 mesh 0.4 99.6

-4 mesh 15.7 6.9 mesh 7.3 92.7

-68mesh 25.1 11.0 8mesh 18.3 81.7

-812 mesh 26.9 11.8 12 mesh 30.2 69.8

-12 16 mesh 32.4 14.2 16 mesh 44.4 55.6

-162omesh 25.3 11.1 2omesh 55.5 44.5

-20 30 mesh 18.6 8.2 30 mesh 63.7 36.3

-30 40 mesh 12.9 5.7 40 mesh 69.3 30.7

-40 50 mesh 9.9 4.3 50 mesh 73.7 26.3

-50 70 mesh 9.7 4.3 70 mesh 77.9 22.1

-70lOomesh 9.8 4.3 lOOmesh 82.2 17.8

-100 140 mesh 8.8 3.9 140 mesh 86.1 13.9

-140l7omesh 5.3 2.3 l7omesh 88.4 11.6

-170 200 mesh 5.2 2.3 200 mesh 90.7 9.3

-200 325 mesh 10.7 4.7 325 mesh 95.4 4.6

-325 mesh 10.5 4.6

ITotal 227.8 100.0

SIGNED Les Duft

DATE 08/15/2001
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Table 32 Sieve Analysis-Product-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Product Phase

l4Aug 1930 hr

Was Screen Sample Dried

Yes No

Prolect No 1-56563-865-00-30 Vt of Sample ested 208.6

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to Sm RotaD -Sm for 10 mm Bulk Density 58.40 /cf dry

U.S Screen Grams Retained Retained ir Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-21 inch 0.0 0.0 inch 0.0 100.0

-1 34 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 114 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 1/2 inch 0.0 100.0

3/8 inch 0.0 0.0 W8 inch 0.0 100.0

-3/8 l4 inch 0.0 0.0 1% inch 0.0 100.0

mesh 0.9 0.4 mesh 0.4 99.6

-4 mesh 12.9 6.2 mesh 6.6 93.4

-68 mesh 24.9 11.9 mesh 18.6 81.4

-812 mesh 27.3 13.1 12 mesh 31.6 68.4

-12 16 mesh 31.0 14.9 16 mesh 46.5 53.5

-162omesh 23.1 11.1 2omesh 57.6 42.4

-20 30 mesh 16.5 7.9 30 mesh 65.5 34.5

-30 40 mesh 11.0 5.3 40 mesh 70.8 29.2

-40 50 mesh 8.8 4.2 50 mesh 75.0 25.0

-507omesh 8.2 3.9 7omesh 78.9 21.1

-70 100 mesh 8.6 4.1 100 mesh 83.0 17.0

-100 140 mesh 8.2 3.9 140 mesh 87.0 13.0

-140 170 mesh 5.6 2.7 170 mesh 89.6 10.4

-170 200 mesh 4.5 2.2 200 mesh 91.8 8.2

-200 325 mesh 9.6 4.6 325 mesh 96.4 3.6

-325 mesh 7.5 3.6

1Total 208.6 100.0

SIGNED Les Duff

DATE 08/15/2001
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Table 33 Sieve Analysis-Product-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
So1av Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Product Phase

l5AuolO3Ohr

Was Screen Sample Dried

Yes No

Prolect No 1-56563-865-00-30 Wt of Sample Tested 297.1

Moisture as Recd Bulk Density ft/cf wet

Method of Screening Hand screen to 8m Rotan -8m for 10 mm Bulk Density 57.50 ft/cf dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 114 inch 0.0 0.0 114 inch 0.0 100.0

11% inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

1/2 inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 inch 0.0 100.0

-3/8 14 inch 0.0 0.0 inch 0.0 100.0

-14 mesh 1.6 0.5 mesh 0.5 99.5

-4 mesh 30.3 10.2 mesh 10.7 89.3

-6 mesh 39.0 13.1 mesh 23.9 76.1

-8 12 mesh 38.5 13.0 12 mesh 36.8 63.2

-12l6mesh 45.1 15.2 l6mesh 52.0 48.0

-162omesh 313 10.5 2omesh 62.5 37.5

20 3C mesh 21.9 7.4 30 mesh 69.9 30.1

-30 4C mesh 15.5 5.2 40 mesh 75.1 24.9

-40 5C mesh 11.5 3.9 50 mesh 79.0 21.0

-50 7C mesh 11.0 3.7 70 mesh 82.7 17.3

-70 1CO mesh 10.6 3.6 100 mesh 86.3 13.7

-100 140 mesh 9.6 3.2 140 mesh 89.5 10.5

-140l7omesh 6.0 2.0 l7omesh 91.5 8.5

-170200mesh 5.6 1.9 200mesh 93.4 6.6

-200 225 mesh 9.0 3.0 325 mesh 96.4 3.6

-325 mesh 10.6 3.6

ITotal 297.1 100.0

SIGNED Les Duff

DATE 08/15/2001
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Table 34 Sieve Analysis-Product-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Product Phase

l5Aug 1200 hr 36.5 angle of repose

Was Screen Sample Dried

Yes No

Prolect No 1-56563-865-00-30 Vt ot Sample Tested 171.4

Moisture as Recd Rulk Density /cf wet

Method of Screening

U.S Screen

Hand screen to Pm Rotan -8m tor 10 mm

Grams Retained Retained

Bulk Density 56.50 /ct dry

Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 3/4 inch 0.0 0.0 34 inch 0.0 100.0

-1 41 inch 0.0 0.0 inch 0.0 100.0

-1 114 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 3/4 inch 0.0 100.0

inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 inch 0.0 0.0 inch 0.0 100.0

mesh 0.9 0.5 mesh 0.5 99.5

-4 mesh 15.3 8.9 mesh 9.5 90.5

-68 mesh 20.6 12.0 mesh 21.5 78.5

-8l2mesh 18.8 11.0 l2mesh 32.4 67.6

-12 16 mesh 22.7 13.2 16 mesh 45.7 54.3

-162C mesh 18.5 10.8 20 mesh 56.5 43.5

-20 3C mesh 13.3 7.8 30 mesh 64.2 35.8

-30 4C mesh 9.3 5.4 40 mesh 69.7 30.3

-40 5C mesh 7.6 4.4 50 mesh 74.1 25.9

-50 70 mesh 7.4 4.3 /0 mesh 78.4 21.6

-70 100 mesh 7.4 4.3 100 mesh 82.7 17.3

-100 140 mesh 6.3 3.7 140 mesh 86.4 13.6

-140l7Omesh 3.8 2.2 l7omesh 88.6 11.4

-170200mesh 4.0 2.3 200mesh 91.0 9.0

-200 325 mesh 6.9 4.0 325 mesh 95.0 5.0

-325 mesh 8.6

171.4

5.0

100.0

SIGNED Les Duff

DATE 08/15/2001
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Table 35 Sieve Analysis-Product-Phase

FC-1024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvav Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Product Phase

l5Aug 1330 hr

Vas Screen Sample Dried

Yes No

Project No 1-56563-865-00-30 Vt of Sample ested 230.7 ci

Moisture as Recd Bulk Density /cf wet

Method ot Screening Hand screen to 8m Rotan -Sm for 10 mm Bulk Density 57.10 /cf dry

U.S Screen Grams Retained Retained ir Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 11/4 inch 0.0 0.0 114 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

1/2 inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 v8 inch 0.0 100.0

-3/8 inch 0.0 0.0 inch 0.0 100.0

mesh 1.2 0.5 mesh 0.5 99.5

-4 mesh 21.8 9.4 mesh 10.0 90.0

-6 mesh 28.8 12.5 mesh 22.5 77.5

-8 12 mesh 30.0 13.0 12 mesh 35.5 64.5

-12 16 mesh 32.8 14.2 16 mesh 49.7 50.3

-16 20 mesh 24.9 10.8 20 mesh 60.5 39.5

-20 30 mesh 17.4 7.5 30 mesh 68.0 32.0

-30 4C mesh 12.0 5.2 40 mesh 73.2 26.8

-40 50 mesh 9.3 4.0 50 mesh 77.2 22.8

-50 7C mesh 9.2 4.0 70 mesh 81.2 18.8

-70lComesh 8.7 3.8 lOOmesh 85.0 15.0

-100l4omesh 8.0 3.5 l4omesh 88.5 11.5

-140 170 mesh 5.0 2.2 170 mesh 90.6 9.4

-170 200 mesh 4.1 1.8 200 mesh 92.4 7.6

-200 325 mesh 7.9 3.4 325 mesh 95.8 4.2

-325 mesh 9.6 4.2

ITotal 230.7 100.0

SIGNED

DATE

Les Duff

08/15/2001
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Table 36 Sieve Analysis-Product-Phase

FC-1 02 4-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Product Phase

l5Aug.1630hr

Was Screen Sample Dried

Yes No

Prolect No 1-56563-865-00-30 Vt of Sample Tested 238.9

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to Pm Rotan -Sm for 10 mm Bulk Density 59.30 /ct dry

U.S._Screen Grams Retained Retained ir Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 3/4 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 12inch 0.0 100.0

-1 inch 0.0 0.0 114 inch 0.0 100.0

114 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

34 inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 /8 inch 0.0 100.0

3/5 inch 0.0 0.0 inch 0.0 100.0

mesh 1.0 0.4 mesh 0.4 99.6

-4 mesh 21.3 8.9 mesh 9.3 90.7

-68 mesh 31.9 13.4 mesh 22.7 77.3

-8 12 mesh 30.8 12.9 12 mesh 35.6 64.4

-12 16 mesh 32.4 13.6 16 mesh 49.1 50.9

-162C mesh 24.6 10.3 20 mesh 59.4 40.6

-20 3C mesh 17.5 7.3 30 mesh 66.8 33.2

-30 4C mesh 12.7 5.3 40 mesh 72.1 27.9

-40 5C mesh 9.8 4.1 50 mesh 76.2 23.8

-50 7C mesh 10.2 4.3 70 mesh 80.5 19.5

-70lComesh 9.8 4.1 lOOmesh 84.6 15.4

-100l4omesh 8.5 3.6 l4omesh 88.1 11.9

-140 170 mesh 5.1 2.1 170 mesh 90.2 9.8

-170 200 mesh 5.4 2.3 200 mesh 92.5 7.5

-200 225 mesh 8.9 3.7 325 mesh 96.2 3.8

-325 mesh 9.0 3.8

Total 238.9 100.0

SIGNED LesDutt

DATE 08/16/2001
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Table 37 Sieve Analysis-Product-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Reod 07/17/2001

Sample No 010747

Material
Produot Phase

l5Aug 1830 hr

Was Screen ample Dried

Yes No

Project No 1-56563-865-00-30 Vt of Sample ested 185.3

Moisturs as Recd Bulk Density /cf wefl

Method of Screening and screen to 8m RotaD -Sm for 10 mm Bulk Density 55.20 /of dry

Screen Grams Retainedt Retained II
Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

3/4 inch 0.0 0.0 inch 0.0 100.0

/2 3i8 inch 0.0 0.0 /8 inch 0.0 100.0

-3/8 14 inch 0.0 0.0 1/4 inch 0.0 100.0

.4 mesh 0.8 0.4 mesh 0.4 99.6

-4 mesh 17.3 9.3 mesh 9.8 90.2

-6 mesh 23.9 12.9 mesh 22.7 77.3

-8 12 mesh 24.0 13.0 12 mesh 35.6 64.4

-12 16 mesh 25.4 13.7 16 mesh 49.3 50.7

-16 2fJ mesh 19.3 10.4 20 mesh 59.7 402

-20 3C mesh 13.5 7.3 30 mesh 67.0 33.0

-30 4C mesh 9.5 5.1 40 mesh 72.2 27.8

-40 5C mesh 7.6 4.1 50 mesh 76.3 23.7

-50 7C mesh 8.2 4.4 70 mesh 80.7 19.3

-70lcOmesh 7.9 4.3 lOOmesh 84.9 15.1

-100l4omesh 7.3 3.9 l4omesh 88.9 11.1

-140l7omesh 4.6 2.5 l7omesh 91.4 8.6

-170200mesh 3.0 1.6 200mesh 93.0 7.0

-200 325 mesh 6.4 3.5 325 mesh 96.4 3.6

-325 mesh 6.6 3.6

ITotal 185.3 100.0

SIGNED Les Duff

DATE 08/16/2001
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Table 38 Sieve Analysis-Product-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date_Recd 07/17/2001

Sample No 010747

Material
Product Phase

l6AugllOOhr

Was Screen ample Dried

Yes No

Project No 1-56563-865-00-30 Vt of Sample ested 169.3

Moisture as Recd Bulk Density ft/cf wet

Method of Screening Hand screen to Rn Rotan -8m for 10 mm Bulk Density 58.00 ft/cf dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 34112 inch 0.0 0.0 inch 0.0 100.0

112 114 inch 0.0 0.0 inch 0.0 100.0

114 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 34 inch 0.0 100.0

.34 inch 0.0 0.0 inch 0.0 100.0

12 38 inch 0.0 0.0 inch 0.0 100.0

-3/8 14 inch 0.0 0.0 1% inch 0.0 100.0

mesh 0.5 0.3 mesh 0.3 99.7

-46 mesh 16.8 9.9 mesh 10.2 89.8

-6 mesh 23.0 13.6 mesh 23.8 76.2

-812 mesh 22.6 13.3 12 mesh 37.2 62.8

-12 mesh 22.6 13.3 16 mesh 50.5 49.5

-16 2C mesh 16.4 9.7 20 mesh 60.2 39.8

-20 3C mesh 11.8 7.0 30 mesh 67.2 32.8

-30 4C mesh 8.7 5.1 40 mesh 72.3 27.7

-40 5C mesh 7.2 4.3 50 mesh 76.6 23.4

-50 70 mesh 7.2 4.3 70 mesh 80.8 19.2_

-70 100 mesh 6.7 4.0 100 mesh 84.8 J.L......

-100l4omesh 6.2 3.7 l4omesh 88.4 JLL.............

-140 170 mesh 3.9 2.3 170 mesh 90.7 9.3_

-170 200 mesh 2.8 1.7 200 mesh 92.4 7.6_

-200 325 mesh 6.8 4.0 325 mesh 96.4 3.6

-325 mesh 6.1 3.6

Total 169.3 100.0

SIGNED Les Dun

DATE 08/20/2001
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Table 39 Sieve Analysis-Product-Phase

FC-1 02 4-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No O12Z

Material
Product Phase

l6Aug 1300 hr

Was Screen ample Dried

NoYes

Project No 1-56563-865-00-30 WI ot Sample Tested 193.3 ci

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to 8m Rotan -Sm for 10 mm

U.S Screen Jams_Retained Retained

Bulk Density 60.80

Cumul.% Retained

/cf dry

Cumul.% passigJ

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 34 inch 0.0 100.0

-1 %1 inch 0.0 0.0 112 inch 0.0 100.0

-1 inch 0.0 0.0 114 inch 0.0 100.0

11% inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 34 inch 0.0 100.0

1/2 nch 0.0 0.0 1/2 inch 0.0 100.0

.2 3/8 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 14 inch 0.0 0.0 14 inch 0.0 100.0

mesh 1.9 1.0 mesh 1.0 99.0

-4 mesh 24.9 12.9 mesh 13.9 86.1

-6 mesh 28.1 14.5 mesh 28.4 71.6

-812 mesh 24.3 12.6 12 mesh 41.0 59.0

-12 16 mesh 28.8 14.9 16 mesh 55.9 44.1

-16 2Ci mesh 20.3 10.5 20 mesh 66.4 33.6

-20 30 mesh 14.2 7.3 30 mesh 73.7 26.3

-30 40 mesh 9.4 4.9 40 mesh 78.6 21.4

-40 50 mesh 7.1 3.7 50 mesh 82.3 17.7

-50 70 mesh 6.6 3.4 70 mesh 85.7 14.3

-70lOomesh 5.8 3.0 loOmesh 88.7 11.3

-100l4omesh 5.2 2.7 l4omesh 91.4 8.6

-140 170 mesh 3.2 1.7 170 mesh 93.0 7.0

-170 200 mesh 2.6 1.3 200 mesh 94.4 5.6

-200 325 mesh 5.9 3.1 325 mesh 97.4 2.6

-325 mesh 5.0 2.6

Total 193.3 100.0

SIGNED Les Duff

DATE 08/20/2001
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Table 40 Sieve Analysis-Product-Phase 10

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Materia
Product Phase 10

l6Aug 1430 hr

Was Screen ample Dried

Yes No

Project No 1-56563-865-00-30 Vt of Sample Tested 162.4

Moisture as Recd Bulk Density Icf wet

Method of Screening Hand screen to Rrn Rotan -Sm for 10 mm Bulk Density 55.50 Icf dry

U.S Screen Grams Retainedl Retained ir Cumul.% Retained cumui.o Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 41 inch 0.0 0.0 inch 0.0 100.0

1I/2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 34 inch 0.0 0.0 inch 0.0 100.0

1/2 inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 /8 inch 0.0 100.0

-3/8 l4 inch 0.0 0.0 14 inch 0.0 100.0

mesh 0.2 0.1 mesh 0.1 99.9

-46 mesh 16.2 10.0 mesh 10.1 89.9

-68 mesh 24.7 15.2 mesh 25.3 74.7

-8 12 mesh 24.0 14.8 12 mesh 40.1 59.9

-12 16 mesh 25.4 15.6 16 mesh 55.7 44.3

-162Omesh 17.8 11.0 2omesh 66.7 33.3

-20 30 mesh 12.5 7.7 30 mesh 74.4 25.6

-30 40 mesh 9.0 5.5 40 mesh 79.9 20.1

-40 50 mesh 7.3 4.5 50 mesh 84.4 15.6

-50 70 mesh 7.1 4.4 70 mesh 88.8 11.2

-70 100 mesh 5.6 3.4 100 mesh 92.2 7.8

-100 140 mesh 4.0 2.5 140 mesh 94.7 5.3

-140l7Omesh 1.6 1.0 l7omesh 95.7 4.3

-170 200 mesh 1.4 0.9 200 mesh 96.6 3.4

-200 325 mesh 2.7 1.7 325 mesh 98.2 1.8

-325 mesh 2.9 1.8

Total 162.4 100.0

SIGNED Les Dufl

DATE 08/20/200
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Table 41 Sieve Analysis-Filter Fines-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvav Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Filter Fines Phase

l4Aug 1730 hr

Was Screen ample Dried

Yes

Tesfed

No

Prolect No 1-56563-865-00-30 Wt of Sample 71.6 ci

Moisturs as Recd Bulk Density /cf wet

Method of Screening Hand screen to Sm Rotan -Sm for 10 mm Bulk Density 40.70 /cf dry

Screen Grams Retained Retained Ii Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 114 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

34 inch 0.0 0.0 inch 0.0 100.0

.12 3/8 inch 0.0 0.0 /8 inch 0.0 100.0

-3/8 .4.14 inch 0.0 0.0 inch 0.0 100.0

-4 mesh 0.0 0.0 mesh 0.0 100.0

-4 mesh 0.0 0.0 mesh 0.0 100.0

-6 mesh 0.0 0.0 mesh 0.0 100.0

-8 12 mesh 0.0 0.0 12 mesh 0.0 100.0

-12 16 mesh 0.0 0.0 16 mesh 0.0 100.0

-16 20 mesh 0.0 0.0 20 mesh 0.0 100.0

-20 30 mesh 0.0 0.0 30 mesh 0.0 100.0

-30 40 mesh 0.0 0.0 40 mesh 0.0 100.0

-40 50 mesh 0.0 0.0 50 mesh 0.0 100.0

-50 70 mesh 0.1 0.1 70 mesh 0.1 99.9

-70lComesh 0.1 0.1 lOOmesh 0.3 99.7

-100l4omesh 0.6 0.8 l4omesh 1.1 98.9

-140l7omesh 1.0 1.4 l7omesh 2.5 97.5

-170-i-200mesh 1.7 2.4 200mesh 4.9 95.1

-20032smesh 11.9 16.6 32smesh 21.5 78.5

-325 mesh 56.2 78.5

Total 71.6 100.0

SIGNED Les Duff

DATE 08/16/2001
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Table 42 Sieve Analysis-Filter Fines-Phase

FC-1 024-3

F.LSMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd

Sample No .....QLQL1

Material
Filter Fines Phase

l4Aug 1930 hr

Was Screen ample Dried

Yes No

Prolect No 1-56563-865-00-30 Wt of Sample Tested 78.3

Moisture as Recd Bulk Density /ct wet

Method of Screening Hand screen to Rotao -Sm for 10 mm Bulk Density 39.40 /cf dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 34 inch 0.0 0.0 inch 0.0 100.0

-1 41 inch 0.0 0.0 inch 0.0 100.0

1121 inch 0.0 0.0 1% inch 0.0 100A

114 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 inch 0.0 100.0

34l inch 0.0 0.0 inch 0.0 100.0

238 nch 0.0 0.0 3/8 inch 0.0 100.0

38 14 nch 0.0 0.0 inch 0.0 100.0

.14 mesh 0.0 0.0 mesh 0.0 100.0

-4 mesh 0.0 0.0 mesh 0.0 100.0

-6 mesh 0.0 0.0 mesh 0.0 100.0

-8 12 mesh 0.0 0.0 12 mesh 0.0 100.0

-12l6mesh 0.0 0.0 l6mesh 0.0 100.0

-162omesh 0.0 0.0 2omesh 0.0 100.0

-20 30 mesh 0.0 0.0 30 mesh 0.0 100.0

-30 40 mesh 0.0 0.0 40 mesh 0.0 100.0

-40 50 mesh 0.0 0.0 50 mesh 0.0 100.0

-50 70 mesh 0.1 0.1 70 mesh 0.1 99.9

-70 100 mesh 0.1 0.1 100 mesh 0.3 99.7

-100l4omesh 0.8 1.0 l4omesh 1.3 981

-140l7omesh 1.6 2.0 l7Omesh 3.3 96.7

-170 200 mesh 2.8 3.6 200 mesh 6.9 93.1

-200 325 mesh 10.5 13.4 325 mesh 20.3 79.7

-325 mesh 62.4 79.7

ITotal 78.3 100.0

SIGNED Les Dutt

DATE 08/15/2001
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Table 43 Sieve Analysis-Filter Fines-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Filter Fines Phase

l5Aup 1030 hr

Was Screen ample Dried

Yes No

Proiect No 1-56563-865-00-30 Wt of Sample Tested 59.6

Moisture as Recd Bulk Density /of wet

Method of Screening Hand screen to 8m Rotan -Sm for 10 mm Bulk Density 39.00 /cf dry

U.S Screen Grams Retained Retained f_Cumul.%_Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 1/2 inch 0.0 100.0

3/8 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 inch 0.0 0.0 inch 0.0 100.0

mesh 0.0 0.0 mesh 0.0 100.0

-4 mesh 0.0 0.0 mesh 0.0 100.0

-6 mesh 0.0 0.0 mesh 0.0 100.0

-8 12 mesh 0.0 0.0 12 mesh 0.0 100.0

-12 16 mesh 0.0 0.0 16 mesh 0.0 100.0

-16 20 mesh 0.0 0.0 20 mesh 0.0 100.0

-20 30 mesh 0.0 0.0 30 mesh 0.0 100.0

-30 40 mesh 0.0 0.0 40 mesh 0.0 100.0

-40 50 mesh 0.0 0.0 50 mesh 0.0 100.0

-50 70 mesh 0.0 0.0 70 mesh 0.0 100.0

-70 100 mesh 0.1 0.2 100 mesh 0.2 99.8

-100 140 mesh 0.5 0.8 140 mesh 1.0 99.0

-140l7omesh 1.0 1.7 l7omesh 2.7 97.3

-170 200 mesh 1.7 2.9 200 mesh 5.5 94.5

-200 325 mesh 7.4 12.4 325 mesh 18.0 82.0

-325 mesh 48.9 82.0

Total 59.6 100.0

SIGNED Les Duff

DATE 08/15/2001
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Table 44 Sieve Analysis-Filter Fines-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Sol.ay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Filter Fines Phase

l5Augl200hr

Was Screen Sample Dried

Yes No

Prolect No 1-56563-865-00-30 Wt of Sample ested 68.9 ci

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to Sm Rotan -Sm or 10 mm Bulk Density 39.40 /cf dry

U.S Screen Grams Retained Retained f_Cumul.%_Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 inch 0.0 0.0 inch 0.0 100.0

mesh 0.0

0.0

0.0 mesh 0.0 100.0

-46 mesh 0.0 mesh 0.0 100.0

-6 mesh 0.0 0.0 mesh 0.0 100.0

-8 12 mesh 0.0 0.0 12 mesh 0.0 100.0

-12 16 mesh 0.0 0.0 16 mesh 0.0 100.0

-16 20 mesh 0.0 0.0 20 mesh 0.0 100.0

-20 30 mesh 0.0 0.0 30 mesh 0.0 100.0

-30 40 mesh 0.0 0.0 40 mesh 0.0 100.0

-40 50 mesh 0.0 0.0 50 mesh 0.0 100.0

-50 70 mesh 0.1 0.1 70 mesh 0.1 99.9

-70 100 mesh 0.1 0.1 100 mesh 0.3 99.7

-100l4omesh 0.7 1.0 l4omesh 1.3 98.7

-140l7omesh 1.3 1.9 l7omesh 3.2 96.8

-170200mesh 1.6 2.3 200mesh 5.5 94.5

-200 325 mesh 9.0 13.1 325 mesh 18.6 81.4

-325 mesh 56.1 81.4

ITotal 68.9 100.0

SIGNED Les Dufl

DATE 08/15/2001
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Table 45 Sieve Analysis-Filter Fines-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Filter Fines Phase

l5Aug 1330 hr

Was Screen Sample Dried

Yes No

Project No 1-56563-865-00-30 Vt of Sample Tested 60.3

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to Sm Rotan -Sm for 10 mm Bulk Density 39.30 /cf dry

U.S Screen Grams Retainedt Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 /8 inch 0.0 100.0

-3/8 inch 0.0 0.0 /4 inch 0.0 100.0

mesh 0.0 0.0 mesh 0.0 100.0

-4 mesh 0.0 0.0 mesh 0.0 100.0

-6 mesh 0.0 0.0 mesh 0.0 100.0

-8 12 mesh 0.0 0.0 12 mesh 0.0 100.0

-12 16 mesh 0.0 0.0 16 mesh 0.0 100.0

-162omesh 0.0 0.0 2Omesh 0.0 100.0

-20 30 mesh 0.0 0.0 30 mesh 0.0 100.0

-30 40 mesh 0.0 0.0 40 mesh 0.0 100.0

-40 50 mesh 0.0 0.0 50 mesh 0.0 100.0

-50 70 mesh 0.0 0.0 70 mesh 0.0 100.0

-70 100 mesh 0.1 0.2 100 mesh 0.2 99.8

-100 140 mesh 0.5 0.8 140 mesh 1.0 99.0

-140 170 mesh 1.0 1.7 170 mesh 2.7 97.3

-170 200 mesh 2.2 3.6 200 mesh 6.3 93.7

-200 325 mesh 8.6 14.3 325 mesh 20.6 79.4

-325 mesh 47.9 79.4

ITotal 60.3 100.0

SIGNED Les Duff

DATE 08/15/2001
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Table 46 Sieve Analysis-Filter Fines-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Filter Fines Phase

lSAuci 1630 hr

Was Screen ample Dried

Yes No

Project No 1-56563-865-00-30 Wt of Sample Tested 73.7

Moisture as Recd Bulk Density /cf wetL

Method of Screening Hand screen to Sm Rotan -8m for 10 mm Bulk Density 40.40 /cf dryL

U.S Screen Grams Retained Retained
II

Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 11/2 inch 0.0 0.0 inch 0.0 100.0

-1 11/4 inch 0.0 0.0 1/4 inch 0.0 100.0

11A inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

i- inch 0.0 0.0 1/2 inch 0.0 100.0

3/8 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 14 inch 0.0 0.0 14 inch 0.0 100.0

1% mesh 0.0 0.0 mesh 0.0 100.0

-4 mesh 0.0 0.0 mesh 0.0 100.0

-6 mesh 0.0 0.0 mesh 0.0 100.0

-8 12 mesh 0.0 0.0 12 mesh 0.0 100.0

-12 16 mesh 0.0 0.0 16 mesh 0.0 100.0

-16 20 mesh 0.0 0.0 20 mesh 0.0 100.0

-20 30 mesh 0.0 0.0 30 mesh 0.0 100.0

-30 40 mesh 0.0 0.0 40 mesh 0.0 100.0

-40 50 mesh 0.0 0.0 50 mesh 0.0 100.0

-50 70 mesh 0.1 0.1 70 mesh 0.1 99.9

-70loomesh 0.1 0.1 lOOmesh 0.3 99.7

-100 140 mesh 0.6 0.8 140 mesh 1.0 99.0

140l7omesh 1.3 1.7 l7omesh 2.7 97.3

-170200mesh 1.6 2.0 200mesh 4.7 95.3

-200 325 mesh 10.4 13.2 325 mesh 17.9 82.1

-325 mesh 64.6 82.1

1Total 78.7 100.0

SIGNED Les Duff

DATE 08/16/2001

87 SOLVAY2016_1.3_000128



Table 47 Sieve Analysis-Filter Fines-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Filter Fines Phase

l5Aug 1830 hr

Was Screen ample Dried

Yes No

Proiect No 1-56563-865-00-30 Wt of Sample Tested 74.6

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to 8m Rotan -Sm for 10 mio_ Bulk Density 38.40 /cf dry

U.S Screen Grams Retained Retained ILII_____ Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 14 inch 0.0 100.0

-1 inch

-1 114 inch

0.0

0.0

0.0

0.0

1inch

1inch

0.0

0.0

100.0

100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 PA inch 0.0 0.0 inch 0.0 100.0

12 inch 0.0 0.0 1nch 0.0 100.0

38 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 I4 inch 0.0 0.0 1Ainch 0.0 100.0

mesh 0.0 0.0 mesh 0.0 100.0

-4 mesh 0.0 0.0 6rnesh 0.0 100.0

-6 mesh 0.0 0.0 mesh 0.0 100.0

-8 12 mesh 0.0 0.0 12 mesh 0.0 100.0

-12 16 mesh 0.0 0.0 16 mesh 0.0 100.0

-16 20 mesh 0.0 0.0 20 mesh 0.0 100.0

-20 30 mesh 0.0 0.0 30 mesh 0.0 100.0

-30 40 mesh 0.0 0.0 40 mesh 0.0 100.0

-40 50 mesh 0.0

0.1

0.0 50 mesh 0.0 100.0

-50 70 mesh 0.1 70 mesh 0.1 99.9

-70 100 mesh 0.1 0.1 100 mesh 0.3 99.7

-100l4omesh 0.6

1.3

0.8 l4omesh 1.1 98.9

-140l7omesh 1.7 l7omesh 2.8 97.2

-170 200 mesh 1.8 2.4 200 mesh 5.2 94.8

-200 325 mesh 11.2 15.0 325 mesh 20.2 79.8

-325 mesh 59.5 79.8

ITotal 74.6 100.0

SIGNED LesDutt

DATE 08/15/2001
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Table 48 Sieve Analysis-Filter Fines-Phase

FC- 1024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Filter Fines Phase

l6Aug 1100 hr

Was Screen ample Dried

Yes No

Proiect No 1-56563-865-00-30 Wt of Sample Tested 73.1

Moisture as Recd Bulk Density /cf wet

Method of Screening Hard screen to Sm Rotan -8m for 10 mm Bulk Density 39.30 /of dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 11% inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 34 inch 0.0 0.0 inch 0.0 100.0

inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 /8 inch 0.0 100.0

-3/8 14 inch 0.0 0.0 inch 0.0 100.0

mesh 0.0 0.0 mesh 0.0 100.0

-46 mesh 0.0 0.0 mesh 0.0 100.0

-6 mesh

-8 12 mesh

0.0

0.0

0.0

0.0

mesh

12 mesh

0.0

0.0

100.0

100.0

1216 mesh 0.0 0.0 16 mesh 0.0 100.0

-16 20 mesh

-20 30 mesh

0.0

0.0

0.0

0.0

20 mesh

30 mesh

0.0

0.0

100.0

100.0

-3040 mesh 0.0 0.0 40 mesh 0.0 100.0

-4050 mesh 0.0 0.0 50 mesh 0.0 100.0

-50 70 mesh 0.0 0.0 70 mesh 0.0 100.0

-70100 mesh

-100 140 mesh

0.1

0.5

0.1

0.7

100 mesh

140 mesh

0.1

0.8

99.9

99.2

-140 170 mesh 1.5 2.1 170 mesh 2.9 97.1

-170 200 mesh 1.2 1.6 200 mesh 4.5 95.5

-200 325 mesh 11.6 15.9 325 mesh 20.4 79.6

-325 mesh 58.2 79.6

Total 73.1 100.0

SIGNED LesDutt

DATE 08/16/2001
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Table 49 Sieve Analysis-Filter Fines-Phase

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material

_______________

Filter Fines Phase

l6Aug 1300 hr

1-56563-865-00-30

Was Screen ample Dried

Yes No

Project No Nt of Sample Tested 76.9

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to 8m Rotan -Sm for omju__ Bulk Density 37.80 /cf dry

U.S Screen Grams Retained Retained Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

1/2 inch 0.0 0.0 inch 0.0 100.0

3/8 inch 0.0 0.0 3/8 inch 0.0 100.0

-3/8 inch 0.0 0.0 inch 0.0 100.0

.1/4 mesh 0.0 0.0 mesh 0.0 100.0

-4 mesh 0.0 0.0 mesh 0.0 100.0

-6 mesh 0.0 0.0 mesh 0.0 100.0

-8 12 mesh 0.0 0.0 l2rriesh 0.0 100.0

-12 16 mesh 0.0 0.0 16 mesh 0.0 100.0

-16 20 mesh 0.0 0.0 20 mesh 0.0 100.0

-20 30 mesh 0.0 0.0 30 mesh 0.0 100.0

-30 40 mesh 0.0 0.0 40 mesh 0.0 100.0

-40 50 mesh 0.0 0.0 50 mesh 0.0 100.0

-50 70 mesh 0.0 0.0 7ornesh 0.0 100.0

-70 100 mesh 0.1 0.1 100 mesh 0.1 99.9

-100 140 mesh 0.4 0.5 140 mesh 0.7 99.3

-140l7omesh 1.2 1.6 l7omesh 2.2 97.8

-170 200 mesh 2.1 2.7 200 mesh 4.9 95.1

-200 325 mesh 10.3 13.4 325 mesh 18.3 81.7

-325 mesh 62.8 81.7

Total 76.9 100.0

SIGNED Les Duff

DATE 08/16/2001
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Table 50 Sieve Analysis-Filter Fines-Phase 10

FC-1 024-3

F.L.SMIDTH INC RESEARCH DEPARTMENT

LABORATORY SCREEN ANALYSIS

Sample From
Solvay Minerals

Green River WY

Date Recd 07/17/2001

Sample No 010747

Material
Filter Fines Phase 10

l6Aug 1430 hr

Was Screen Sample Dried

Yes No

Project No 1-56563-865-00-30 Wt of Sample ested 61.6

Moisture as Recd Bulk Density /cf wet

Method of Screening Hand screen to Sm Rotan -Sm for 10 mjn__ Bulk Density 37.70 /cf dry

U.S Screen Grams Retained Retained ILII______ Cumul.% Retained Cumul.% Passing

inch 0.0 0.0 inch 0.0 100.0

-2 inch 0.0 0.0 lnch 0.0 100.0

-1 inch 0.0 0.0 lnch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

-1 inch 0.0 0.0 inch 0.0 100.0

3% 1/2 inch 0.0 0.0 inch 0.0 100.0

318 inch 0.0 0.0 we inch 0.0 100.0

-3/8 inch 0.0 0.0 inch 0.0 100.0

mesh 0.0 0.0 mesh 0.0 100.0

-4 mesh 0.0 0.0 mesh 0.0 100.0

-6 mesh 0.0 0.0 mesh 0.0 100.0

-8 12 mesh

-12 16 mesh

0.0

0.0

0.0

0.0

12 mesh

16 mesh

0.0

0.0

100.0

100.0

-16 20 mesh 0.0 0.0 20 mesh 0.0 100.0

-20 30 mesh 0.0 0.0 30 mesh 0.0 100.0

-30 40 mesh 0.0 0.0 40 mesh 0.0 100.0

-40 50 mesh 0.0 0.0 50 mesh 0.0 100.0

-50 70 mesh 0.0 0.0 70 mesh 0.0 100.0

-70 100 mesh

-100 140 mesh

0.1

0.7

0.2

1.1

100 mesh

140 mesh

0.2

1.3

99.8

98.7

-140l7Omesh 1.4 2.3 l7omesh 3.6 96.4

-170 200 mesh 1.9 3.1 200 mesh 6.7 93.3

-200 325 mesh 9.8 15.9 325 mesh 22.6 77.4

-325 mesh 47.7 77.4

Total 61.6 100.0

SIGNED Les Duff

DATE 08/20/2001
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LABORATORY TEST REPORT
Page

FFE MINERALS USA INC
3235 Schoenersville Road P0 Box 810 Bethlehem Pennsylvania 18016-0810
Telephone 610-264-6900 FAX 610-264-6996

COMPANY SOLVAY
GREEN RIVER WY

SUBJECT TEST RESULTS

Solvay wants to convert their existing calciners from natural gas to coal firing however they first want to

detennine what effect the coal ash retained in the calcined trona may have on product quality

To get an understanding of the coal ash effect series of tests were undertaken and are listed below

Coal Analysis See Table

Proximate

Ash Complete

Ash Fusion

Hardgrove

2- Coal Ash See Table

Soluable Silica Ash above ash sion temp
Soluable Silica Ash below Ash fusion temp

Thermal Analysis DTA/TGA See Figure

Muffle Furnace Burns

Trona with nj coal ash addition

Trona with coal ash addition Ash produced below ash fusion temperature

Ash addition based on 1.4 MBTU/ton of trona feed or 0.44 gms ash/I 00 gms trona

Trona with coal ash addition Ash produced above ash fusion temperature Ash

addition based on 1.4 MBTU/ton oftrona feed or 0.44 gms ashJlOO gms trona

The burned furnace product was analyzed for total Si02 The burned product was also treated with 10%
NaOH see Appendix for procedure The residue remaining after dissolution with the NaOH was

analyzed for total Sb2 The results from the muffle furnace bums are shown in Table

The results indicate that approximately 96% of the burned product was soluble in the NaOl-l The primary
interest was the soluhility olthe Si02 which was calculated from the results shown in Table For the

trona with no coal ash additIon 7.35% of the total Si02 in the sample was soluble For the trona ith coal

ash addition 21 .5 of the total Si02 in the sample was soluble for the coal ash produced below the ash

fusion temperaliire 14 24 for the coal ash produced above the ash fusion temperature

2001-56549-865-00-30
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Fuel Analysis

20-Apr-OF

Customer Name Solvay

Location Green River WY
Lab No 010329

Sampk Description Coal

AnaiyticalNo C010343

Bulk Density as Received

Moisture as ReceIved 18.77

Proximate AnlSs tDrt Basis Ultimate Analysis Dnr Bath

Vol 39.68 lIlt 71.53

Ash 7.61 nt 5.01

PC 5271

Ult.N 1.68

Sultur4S 0.60 Ult.S

BTLT/Lb 12097 flit 13.57

Cl

Hardgrovelndex
48.6

ChemistryofAib
1T Initial Deformation Temperature 2100F

ST Softening Temperature 2300F
S102 47.08 HT Hemispherical Temperature 2375F

A1203 28.98 FT Fluid Temperature 245ÔF

Fe203 3.31

CaO 8.75

MgO 2.53

120 34

4a20 0.53

S03 0.03

P205 2.87

Ti02 081

Mn203 50

Total 97 73
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Table

COAL ASH SOLUBLE SiO2

Coal Ash Below Ash Fusion Temperature
Before Treatment with NaOH 47.08% Si02

Insoluble Residue After Treatment

with NaOH 81.1% Insol 42A7% Si02

l8.9% of total sample is soluble and

26.8% of total Si02 is soluble

Coal Ash Above Ash Fusion Temperature
Before Treatment with NaOH 47.8% SiO2

Insoluble Residue After Treatment

with NaOH 85.8% Insol 45.78% Si02

14.2% of total sample is soluble and

17% of total Si02 is soluble

See Appendix
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Table

RESULTS FROM MUFFLE FURNACE BURNS

AT 175C

Trona No Ash Addition
SiOi

j2 LOl Loss Free

Hurried Product 0.922 45.36 1.687

Burned Product Residue

fter Treatment

4.07% Insoluble 27.306 27.59 38.40

95.93% of the total sample is soluble and

735% of the total Si02 is soluble

Trona Ash Below Ash Fusion Temperature
Si02

Si01 LOl Loss Free

BurnedProduct 1.185 44.15 2.123

Burned Product Residue

After Treatment

4.1% Insoluble 30.512 24.92 40.639

95.93% of the total sample is soluble and

21.5% of the total Si02 is soluble

Trona Ash Above Ash Fusion Temperature
S102

S101 LO Loss Free

Burned Product 1.228 36.97 1.948

Burned Product Residue

After Treatment

4.18% Insoluble 29.065 27.31 39.985

95.82% of the total sample is soluble and

14.2% oCthe total Si02 is soluble

After Treatment with 10% NaOH See Appendix

95

SOLVAY2016_1.3_000136



Page

dull
page 10MAY01 1645 D3 147247 AFE

___I --1

INDUSTRIAL HYGIENE IRONMENTAL TESTING

EPA/NvLAP 101262.0 NY DOHINELAC 10903 NJ DEP 77020

AIHA ACCREDITATION NO 100439 PA DEP 06-353 CT OPH PH-0238

-NC DENR 599

ANALYTIAL SERVICES

ANALYTICAL REPORT

Client FL Smidth Inc RD Dept Project 203206
Received 03 MAY-01

Report to Steve Schmidt Chem Lab Reported 10-MAY-01

FL Smidth Inc RD Dept
Front Willow Streets PURCHASE ORDER 251 1-8239-08

P.O Box 189

CatasaUqUa PA 18032

Project Description Trace Heavy Metals

RESULT METHOD QAJ ANALYST

C010481Lob010330 ai
Lab Sample 1447697 Trona

MO1Sth
Burned Product

2540G

Anthiony Total soc mg/kg 6010 07-MAY-01 JLP

Arsenic Total 0-730 mg/kg 6010 07-MAY-01 JLP

Barium Total 14-5 mg/kg 6010 07-MAY-01 JLP

BerylllumTotal 0-126 mg/kg 6010 07-MAY-01 JLP

Cadmium Total 0-SO mg/kg 6010 07-MAY-01 JLP

Chromium Total 4-93 mg/kg 6010 07-MAY-01 JLP

LeadTotal 0-929 mg/kg 6010 07-MAY-01 JLP

Nickel Total 0- 724 mg/kg 6010 08-MAY-01 AJB

Selenium Total 0-500 mg/kg 6010 07-MAY-01 JLP

SllverTotal O500 mg/kg 6010 07-MAY-01 JLP

Thalbum Total 0-500 mg/kg 6010 07-MAY-01 JLP

Vanadlumjotal 1-82 mg/kg 6010 07-MAY-01 JLP

Mercury Total 0-04 mg/kg 7471 09-MAY-01 JOC

010482 Lab 010330-Mi bi
Lab Sample 1447698 Trona Ash Reg

Burned Product
Moisture 25400
Antimony Total 0.500 mg/kg 6010 07-MAY01 JLP

Arsenic Total 0-800 mg/kg 6010 07-MAY-01 JLP

Barium Total 29.7 mg/kg 6010 07-MAY-01 JLP

BeryUIumTota 0-139 mg/kg 6010 O7MAY.01 JLP

CathilumTotal 0.500 mg/kg 6010 07-MAY-01 JLP

ChromIum Total .82 mg/kg 6010 07-MAY-01 JLP

Lead Total 1.06 mg/kg 6010 07-MAY-01 JLP

Nickel Total 0.836 mg/kg 6010 08-MAY-01 A.J8

Selenlumyo 500 mg/kg 6010 07.MAY-01 JL
Sliver Total 0.500 mgag 6010 07-MAY01 JLP
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_______

10MAY01 645 3il2.7 RIM

INDUSTRIAL HYGIENE IRONMENTAL TESTING

.EPAINVLAP 101262-0 NY DOHJNELAC 10903 NJ DEP 71020

AMA ACCREDITATION NO 100439 PA DEP 05-353 CT DPII PN-0338

______________________ NC DENR 599

ANALYTICAL SERVICES
Client FL Smidth Inc RD Dept
Project 203206

RESULT UMTS METHOD DATE ANALYST

C010482 Lab 010330-MI
Lab Sample 1447696 continued

Thalum.Total 0.500 mg/kg 6010 07-MAY-01 -iLl

Vanadium Total 2.18 mg/kg 6010 07-MAY-01 JLP

Mercury Total 0.04 mg/kg 7471 09-MAY-01 ..IDC

C010483 Lab 010330-M2 ci
LabSample1447699 Trona Ash Fused

Burned Product
Moisture 25400
Antfrnony Total 0-500 mg/kg 6010 07-MAY-01 JLP

ArsenlcTotal 0.767 mg/kg 6010 07-MAY-01 JLP

Barium Total 293 mg/kg 6010 07-MAY-01 IL
Beryllium Total 0- 144 mg/kg 6010 07-MAY-01 IL
CadrnlumTotal 0.500 mg/kg 6010 07-MAY-01 JLP

Chromium Total gg mg/kg 6010 07-MAY-01 JLP

Lead Total 06 mg/kg 6010 07-MAY-01 JLP

Nickel Total 0- 915 mg/kg 6010 08-MAY-01 AJB
Selenium Total 0.500 mg/kg 6010 07-MAY-01 JLP

Silver Total 500 mg/kg 6010 07-MAY-01 IL
Thallium Total 0.500 mg/kg 6010 07-MAY-01 JLP

Vanadium Total 2.07 mg/kg 6010 07-MAY-01 .JLP

Mercury Total 0-04 mg/kg 7471 09-MAY-01 JDC

Indicates less than the limit of quantitation
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APPENDIX

PROCEDURE FOR SOLUBLE S1O2

Weigh an appropriate amount of material into 400 ml beaker use 5.000 grams for coal ashes and

10.0000 grams for trona samples Add 100 ml of 10% NaOH to the material in the beaker Bring to

boil on hot plate Boil for 10 minutes Filter hot through previously-weighed Whatman No.40
filter paper Wash the residue on the filter paper times with hot D.I water Place the filter paper with
the residue on previously-weighed watch glass and dry in 105C oven for approximately 1.5 hours

Reweigh the filter paper residue watch glass and determine the percent of residue Record the

Residue

Prepare glass fused pellet of the residue with the aid of our Claisse Bis Fluxer Determine total Si02 via

wavelength-dispersive R.F analytical technique

98
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LABORATORY TEST PROCEDURE-BICARB ANALYSIS

Table 51 Bicarb Procedure-Page

Solvay Minerals Inc Green River Wyoming
Technical Services Department

Originator Dave Smith Approver Jim Phillip

CCU uncontroiied copies hard/paper mIght not be cu rent and should be checked

against ntra et

SODIUM BICARBONATE PROCEDURE
PROCESS LIQUORS
TFC-05-046 06 Mar 2000 Rev 02

SCOPE

This is spot test method that covers the determination of sodium bicarbonate in process

liquors and rake underflows

SUMMARY

Sodium hydroxide NaOH is reacted with the sodium bicarbonate NaHCO3in the process

liquors until all the bicarbonate is converted to carbonate At this time the excess NaOH will

react with silver nitrate to form Ag20 brown precipitate

SAFETY

Both the NaOH and silver nitrate will bum and are extremely hazardous if swallowed lf skin

contact is made flush with plenty of water

EQWPMENT

150 ml and 250 ml beakers
Stir plate
Ceramic spot plate
25 ml buret

Plastic disposable pipets

REAGENTS

Dl water deionized water from lab water treatment system minimum rating 10

umhos/cm conductivity at 25
0.1 Sodium Hydroxide NaOH Weigh of NaOH to two decimal places accuracy
and transfer into 1000 ml volumetric flask and dilute to volume with Dl water
112 silver nitrate part AgNO3 12 parts Dl water

PROCEDURE

Weigh approximately 25 to two decimal place accuracy of rake trnderllow sample into
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250 ml beaker

Add 100 ml of Dl water to the 250 ml beaker place on stir plate and stir until only shale

and grits remain then filter

Weigh approximately 10 of underflow filtrate or of the liquor sample into 150 ml beakers

to two decimal place accuracy

Add approximately 50 ml of Dl water to each 150 ml beaker and place on stir plate

Transfer the AgNO3 to the spot plate reservoirs

Using plastic disposable pipet add drops of the test solution to the spot plate

reservoir containing the silver nitrate solution

Check to see if the sample turns the silver nitrate brown not off-white If brown color

precipitates calculate the NaHCO3 if not continue with step

Add ml of 0.1 NaOH from buret to the stirring sample

Repeat steps 6-8 until addition of the sample turns the silver nitrate brown

10 Record the mIs of NaOH titrated

CALCULATIONS

Calculate the normality of NaOH

g/40

Where

normality of NaOH

weight in grams of NaOH
40 equivalent weight of NaOH

volume diluted to in liters

NaHCO3 ml 0.084 100

Where

084 milliequivalent weight of sodium bicarbonate

normality of sodium hydroxide NaOH

For Process Liquors
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weight in grams of liquor

ml ml of sodium hydroxide NaOH titrated

f-or Rake Underflows

Wetghtg of rake underfiow samp weightg of underfiow solution

Weightg of rake underfiow sample 1009 of Di water

TACHMENT

06/03/2000 Sodium Bicarbonate Chart

REVISION HISTORY

Rev 01 Added rake underflows to scope of procedure and updated procedure steps and

calculations to reflect rake underfiows

Rev 02 Format changed to HTML format for Intranet

Changes for most recent revision appear in red italics
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